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^ ABSTRACT 

o 

Q^ . We present new results of a program to study the detailed morphologies of galaxies 

in intermediate redshift clusters and hence understand the physical origin of the 
^p^i enhanced star formation seen in these environments at earlier epochs. Deep, high 

O I resolution imagery has been obtained of 3 rich clusters, AC lOS, AC 118 & AC 114 

^ ; at z = O.Sl, through the i?(F702W) filter of the Wide Field Camera (WFPC-2) of 

' the Hubble Space Telescope (HST). For AC 103 and AC 118, single 3-orbit pointings 

covering a central ~ 0.5 x 0.5 Mpc area have been obtained. For AC 114, a mosaic 
^ ■ of four 6-orbit pointings has provided coverage of a central ^ 1.2 x 0.7 h'^ Mpc 

area, allowing for the first time a study extending to the outer regions of a more 
distant cluster. Morphological classification has been conducted visually using these 
images, with Hubble types plus evidence of dynamical interactions and/or structural 
abnormalities recorded for all galaxies down to -R702 = 22.25 in AC 103 & AC 118, and 
R702 = 23.00 in AC 114. New spectroscopy limited at K' < 18 has also been acquired, 
providing within our WFPC-2 images a total sample of 129 confirmed cluster members 
of which 117 have secure star formation classifications (eg. starburst, post-starburst, 
H(5-strong) . 

Our study reveals that the mix of Hubble types within the distant clusters is, 
overall, significantly different to that seen in the same high-density environments 
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nearby: there axe proportionally more spiral galaxies and fewer E/SO galaxies at these 
earlier epochs. Within the core (r < 200/i-ikpc) regions of the 3 clusters, spirals 
covering the full Sa-Sdm/Irr range are present in numbers up to a factor of ~ 4 higher 
than that seen in present-day clusters, the highest fraction being observed in the least 
massive cluster within our sample, AC 103. Only in the virialised core of our most 
massive, regular cluster, AC 114, do we see morphological fractions approaching those 
of the present epoch. However, outside the core of this cluster the spiral fraction 
rises to ~ 60% - 3 times above the present-day level. Dynamical interactions are 
also widespread throughout the populations of all three clusters with ~ 20% of the 
members, on average, showing morphological evidence of this phenomenon. 

The various subsets of 'active' cluster members show emergent morphological 
trends. The majority of blue galaxies either undergoing a starburst or seen shortly 
(< 0.5 Gyr) thereafter are systems involved in major mergers. These galaxies, however, 
are generally of modest luminosity (L ^ L* + 1 mag) even in this brightened phase; 
in their faded state they appear destined to become dwarfs, too faint to be included 
in magnitude-limited spectroscopic samples such as ours. Cluster members with 
ongoing star formation typical of present-day spirals are mostly normal Sb-Sdm/Irr 
Hubble types. Galaxies identified as having completed their last major episode of 
star formation 1-2 Gyr prior to the epoch of observation are conspicuous by their 
commonality in morphology, all being early-type (SO-Sb) disk systems. The red 
H(5-strong objects, interpreted from their colors and spectra as being the remnants of 
secondary star formation in old dormant systems, have morphologies consistent with 
this picture, being a mixture of normal E and SO galaxies. 

In combination, these results point to cluster galaxy evolution being driven by not 
one but several different physical processes. The only conspicuous one is galaxy-galaxy 
interactions and merging. However, our study reveals many galaxies where this process 
could not have been responsible for altering the course of their star formation activity. 
Furthermore, the normal disk morphology of the majority of these previously active 
galaxies indicate the operation of process (es) which halt star formation but leave the 
basic disk structure intact and largely unperturbed. This tends to favour mechanisms 
which affect the gas supply (eg. ram-pressure stripping, galaxy infall) rather than 
processes like "galaxy harassment" where we simply do not see the population of 
severely distorted spirals expected if its operation is widespread. 

Subject headings: cosmology: observations - galaxies: evolution - galaxies: photometry, 
spectroscopy - clusters of galaxies 
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1. Introduction 

One of the longest-standing and most striking pieces of evidence for galaxy evolution is the 
so-called "Butcher-Oemler" (BO) effect whereby the cores of rich, regular clusters at z > 0.2 are 
observed to contain many more blue galaxies than in their present-day counterparts (Butcher & 
Oemler 1978, 1984; Couch & Ncwcll 1984; see also Rakos & Schombert 1995). Yet, understanding 
how cluster populations can be so different at recent look-back times and determining the 
physical processes responsible for their subsequent transformation remain an important challenge 
in observational cosmology. This series of papers provides an important contribution towards 
the resolution of these issues through comprehensive analyses of magnitude-limited samples of 
member galaxies in z ~ 0.3 clusters for which high quality spectra, deep infrared imaging and 
post-refurbishment HST imaging has been secured. The relative proximity of these clusters and 
their varied evolutionary state as judged from their masses and X-ray luminosities together with 
the uniform nature of the datasets constructed, complements other analyses based on samples 
which span a wider range of redshift and include a larger number of clusters, particularly the 
"MORPHS" sample (Small et al. 1997a, Dressier et al. 1997a; see also Stanford et al. 1996). 

In the first paper of this series (Couch et al. 1994; hereafter Paper I), an initial indication 
of the morphological nature of galaxies in our distant cluster sample was obtained using images 
taken with HST in its aberrated state. Deep Wide Field and Planetary Camera (WFPC-1) 
images were gathered of two rich clusters, AC 114 at z = 0.31 and Abell 370 at z = 0.37, for which 
comprehensive ground-based photometry and spectroscopy was available (Couch & Sharpies 1987; 
MacLaren, Ellis &: Couch 1988; Aragon-Salamanca, Ellis &: Sharpies 1991). These data allowed 
us to morphologically classify, with moderate precision, the galaxy populations in these clusters, 
in particular those active or recently active in star formation and responsible for the BO-effect. 
This revealed two important trends amongst the population of blue active galaxies: (1) most had 
a disk-dominated, late-type spiral morphology which is rarely seen in the cores of present-day 
clusters, and (2) almost half appeared to be involved in dynamical interactions and mergers, a 
process first identified in distant rich clusters by Lavery & Henry (1988; see also Lavery, Pierce 
& McClure 1992). Similar trends were also found by Dressier et al. (1994a,b) in their separate 
HST-hased study of the cluster C10939-I-37 at 2; = 0.39. Also examined in Paper I was the 
morphology of red cluster members with spectroscopic and/or photometric indications of previous 
star formation activity. In contrast to the blue population, these galaxies appeared to be isolated 
and undisturbed with a normal spheroidal morphology. This work gave a first indication that in 
the BO effect we were dealing with not only a wide-spread change in the typical star formation 
properties of galaxies in rich clusters, but also with a transformation of their morphologies. 

Using spectroscopic measures, Barger et al. (1996; hereafter B96) explored in more detail the 
star formation characteristics seen amongst the distant cluster galaxies in order to better interpret 
the morphologies observed for these objects. They showed that the numbers of galaxies found in 
the different phases of star formation activity - starburst, post-starburst, spiral-like, red H(5-strong 
(Couch & Sharpies 1987, hereafter CS; Paper I) were consistent with a model incorporating a 
secondary starburst in ~ 30% of the distant cluster populations. When B96 combined this with 
preliminary morphologies derived from a subset of the HST data we present here, there was a 
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strong suggestion that mergers and interactions played an important part in triggering this star 
formation cycle. 

The role of this paper is to fufill the original goal of this project: to determine morphological 
classifications for galaxies within three clusters at z = 0.31 and to analyse these in the context 
of hypotheses discussed in Paper I and B96. The basic material for our analysis consists of 
morphological classifications, uniformly constructed, for magnitude-limited samples of cluster 
galaxies in AC 103, AC 118 and AC 114, each of which exhibit a significant blue BO excess and 
are at z = 0.31. At this redshift, we demonstrate that biases in morphological classifications 
when using high quality WFPC-2 data are minimal. We also present new spectroscopy extending 
considerably the data published by CS and in Paper I and which enables us to analyse the 
properties of a large sample of galaxies with HST morphologies in the context of spectral diagostics 
of recent star formation. This is the most direct method to uncover the physical mechanisms 
which are causing the recent and dramatic transformation in the cluster populations. Our HST 
cluster sample has a number of important advantages in this regard: (1) the three clusters lie at 
the same redshift and are imaged to comparable depths - comparisons between them are thus 
unaffected by differential K-corrections or surface brightness dimming; (2) the cluster masses and 
morphologies, as traced by their Icnsing and X-ray properties (Small et al 1997b, Natarajan et al. 
1997), span a broad range and include a relatively low mass cluster (AC 103), a regular massive 
cluster (AC 114), and a massive merging system (AC 118), allowing us to differentiate between 
those triggering processes which depend upon cluster environment; (3) finally, in the massive 
regular cluster AC 114, we have obtained wide-field WFPC-2 imaging out to ~ 600^^^ kpc (where 
h is Hubblc's Constant in units of 100 kms~^ Mpc^^), enabling us to trace the morphological 
composition of this cluster outside the core and hence constrain those transformation mechanisms 
which are sensitive to local galaxy density. These are the first wide-field observations of the 
morphologies of galaxies in a distant cluster to be published and we show how they provide a 
powerful insight into the nature and evolution of galaxies inhabiting such structures. 

The plan of the paper is as follows: In the next section we describe our WFPC-2 observations 
and present the new ground-based spectra. In reporting the latter, we extend the sample of 
cluster members classified according to their star formation activity by combining line index 
measurements made from the new spectra with existing broad-band colors. In §3, we review 
our scheme for morphologically classifying galaxies both in terms of Hubble type and any visual 
evidence for dynamical interactions. The results of our morphological classifications are presented 
in §4 where we examine the overall morphological content of our clusters and investigate the 
population gradients seen within our WFPC-2 fields. In the next section we focus on the samples 
of spectroscopically confirmed cluster members, in particular those involved in the starburst cycle. 
We examine the morphology of galaxies in the different phases of this cycle and in doing so review 
the importance of dynamical interactions. Our findings are then discussed in §6; in particular, we 
revisit the starburst cycle proposed by CS and explored more quantitatively by B96, addressing 
specifically whether one mechanism is sufficient to drive the phenomenon. We summarise our 
conclusions in ST. 
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2. Observations and data reduction 

2.1. HST Imagery 

WFPC-2 observations of AC 118, AC 103 and AC 114 were obtained over the period 
September 1994 - January 1996 in time allocated to two different programs. The two clusters, 
AC 118 and AC 103, were observed in time allocated in Cycle 3 to complete the imaging of the 
3 clusters studied by CS. Due to scheduling delays, these observations were in the end carried 
over into Cycle 4, the first cycle after the HST refurbishment mission. The other cluster, AC 114, 
was observed during Cycle 5 in time allocated to Small, Kneib &; Ellis to further investigate the 
gravitational lensing of background sources by this cluster (Small et al. 1995a, Natarajan et al. 
1997). 

Details of these observations are given in Tabic 1 where we list the field centers, the dates, 
the filters used, the telescope position angles (V3 axis), and the total exposure times. All three 
clusters were imaged using the F702W filter. For AC 118 and AC 103, a single pointing at the 
listed position and PA was obtained, involving 3 orbit-length exposures offset from each other 
by 3 WFC pixels (0.30 arcsec) to facilitate cosmic ray and hot pixel removal. The positions and 
orientations chosen for AC 103 and AC 118 were those which maximised our coverage of the 
existing samples of spectroscopically confirmed members (CS, Paper I) within the core regions of 
these clusters. Hence the centers of these clusters are not coincident with the apex of the WFPC-2 
field. AC 114 was observed over 24 orbits, split into four different pointings, chosen to give both 
contiguous coverage of the cluster (over an area approximately 6.5' x 3.9' in size) and a double 
exposure of the central core region of the cluster. The latter was achieved by positioning one of 
the WFC chips on exactly the same area in two of the pointings thereby giving a total exposure 
of 33.6 ks on the central 1.3' x 1.3' of the cluster. Yet again a 3 WFC pixel 'dithering' between 
individual exposures was employed. 

Processing of our images took place using the standard STScI pipeline reduction, with the 
steps of bias subtraction, dark current removal and fiat-fielding accomplished in the usual way. 
The images were then aligned using integer pixel shifts and combined with the IRAF/STSDAS task 
CRREJ. Cataloging and photometry of objects on these coadded frames was carried out using the 
SExtractor image analysis package (Bertin & Arnouts 1996). Image detection proceeded by first 
convolving the data with a 0.3 arcsec top-hat filter and then employing a /Lt702 = 25.0 mag arcsec"^ 
(equivalent to 1.3(7 above the background) detection isophote together with a minimum object area 
of 12 contiguous pixels. The SExtractor package measures both isophotal and total 'Kron-type' 
magnitudes for each object and it is the latter that we use for this study. These have been placed 
on the i?702 system using the synthetic zero-points published by Holtzman et al. (1995). 

The surface-brightness limits attained in our cluster exposures are sufficiently deep to secure 
imagery with a signal-to-noise ratio high enough to provide robust morphological classifications to 
at least i?702 ^ 22.5 (~ M* + 3 mag), the limit achieved in the ground-based photometric studies. 
Our confidence in achieving this limit was based on the analysis of the first 'ERO' observations 
made with WFPC-2 immediately after refurbishment (eg. Dressier et al. 1994b), which revealed 
the tremendous potential of HST for conducting morphological classifications at these faint limits. 
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Such morphological classifications are of course sensitive to both the bandpass and depth of the 

source material used. Our selection of the F702W filter provides close to rest-frame V imagery of 
the distant cluster members, ideally matched to the blue/visual source material on which local 
morphological schemes are based. The issue of the depth required to adequately classify galaxies 
has been extensively addressed in the simulations of Glazebrook et al. (1995) and Abraham et 
al. (1996). They investigated the reliability of using F814W images of a few orbits duration 
for classifying field galaxies to z 2±1. These workers found little error in the recognition of 
spheroidal galaxies and early-type spirals, but intermediate and late-type spirals at high redshifts 
appear to have later Hubble types than might genuinely be the case because of a combination 
of signal-to-noise ratio (S/N), sampling and bandpass shifting effects. However, our clusters lie 
at sufficiently low redshift that we expect this bias in the spiral classifications to be negligible. 
For the case of differentiating between E and SO galaxies using WFPC-2 imaging we refer to the 
discussion in Ellis et al. (1997) and Small et al. (1997a). These authors classified the populations 
in z ~ 0.55 clusters using F814W images (also rest-frame V) from WFPC-2. To a magnitude 
limit significantly fainter than that adopted here, at a redshift where the scale and sampling is 
30% coarser, they demonstrated that only 15% of the SO population was misclassified, the loss 
being round SOs misclassed as Es, a problem which also occurs at a similar level in local samples 
(c.f. Small et al. 1997a). We are therefore confident that the depth and wavelength coverage 
available from our WFPC-2 imaging is sufficient to provide robust and unbiased classifications on 
the Hubble system for all morphological types in these clusters. 



2.2. New ground— based spectroscopy 

Another important component of our observational program is the comprehensive 
spectroscopic study of our distant cluster fields. While at the most basic level spectroscopy is 
necessary to provide membership information for galaxies in our fields, we do not expect a high 
field contamination rate in our samples due to the high contrast of the cluster cores in the limited 
field of view of WFPC-2 (Couch k Newell 1984; hereafter CN). Instead, the principal role of the 
spectral data is to obtain high quality line index measurements for member galaxies, which we can 
combine with the detailed morphologies from our WFPC-2 imaging. Following CS and B96, we 
show that the information the former data provide on current and past star formation is crucial for 
understanding the evolution of galaxies in these clusters. In obtaining new spectroscopy, we have 
sought to redress the incompleteness in CS's spectroscopic coverage to Rp = 20 and, in a complete 
way, to extend it faintwards to limits more commensurate with the depth of our WFPC-2 images. 

The new data presented here were obtained during two observing runs, one on the 3.9 m 
Anglo-Australian Telescope (AAT) using the Low Dispersion Survey Spectrograph (LDSS-1), 

and the other on the European Southern Observatory's 3.5 m New Technology Telescope (NTT) 
using the European Multi-Mode Imager /Spectrograph (EMMI). For the former, the three clusters 
AC 118, AC 103, and AC 114 were targeted. Two multi-slit masks, each containing slits for 20-25 
objects, were designed and manufactured for each cluster. Program objects were chosen first and 
foremost from K' < 18 samples assembled for each cluster from the infrared imaging data of B96. 
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The purpose of this infrared (K')-based selection was to reduce the bias towards star-forming 

and, in particular, star-bursting galaxies, which as demonstrated by B96 is a serious effect in 
samples selected in the optical (rest-frame uv-blue). While this catered for object selection within 
the 2.8' X 2.8' ivT'-band field and hence the 2.6' x 2.6' WFPC-2 field contained within it, it did 
not fully utilise the lOarcmin field of LDSS-1. Our samples were therefore supplemented with 
objects from the photographic catalogues of CN with a small number of the galaxies observed 
spectroscopically by CS also being included for comparison purposes. Selection in this case was 
made using optical data to a limit of Rp 21. Of the ~25 objects selected for each mask, it was 
possible to include 10-12 within the single WFPC-2 field of AC 103 and AC 118, and ah but 1 
or 2 within the larger field of AC 114. These numbers were set largely by the need to impose a 
minimum slit length of 15 arcsec to facilitate accurate sky estimation and subtraction. 

For the NTT run, our observations were subsidiary to a program of spectroscopic confirmation 
and redshift measurement of the gravitationally lensed 'arcs' and multiple images in the field of 
AC 114 (Ebbels et al. 1997). Spectroscopy of the lensed candidates was carried out using two 
masks, one designed to cover the brightest arcs and another to cover a sample of fainter 'arclets'. 
The unused regions of these masks were accordingly devoted to a set of 'bright' and 'faint' galaxy 
targets, respectively, within the AC 114 field. Selection of the 'bright' sample proceeded as for the 
LDSS-1 observations using the K' < 18 limited infrared sample from B96 and the photographic 
Rp photometry of CN. A total of 44 slits were devoted to this sample, of which 25 lay on objects 
within our WFPC-2 field. For the faint sample, object selection was carried out using the image 
taken with EMMI for the purpose of mask design. A sample of 35 objects covering a similar 
magnitude range (21.0 < R < 22.5) to the lensed candidates was chosen with 12 of these being 
within our WFPC-2 field. 

The AAT run took place on the nights of 1995 August 28, 29 and 30. LDSS-1 was used with 
its "high-dispersion" grism to give a dispersion of 164Amm~^ and, with a slit-width of 1.5 arcsec 
employed, a spectral resolution of ~9 A. A thinned 1024 x 1024 24 //m pixel Tektronix CCD was 
used as the detector, providing a wavelength coverage of 4000 A< A < 8000 A. Excellent weather 
conditions were experienced on the first two nights of this run; the third night was completely lost 
due to cloud cover. 

The NTT observations were made on the nights of 1995 October 22, 23 and 25. EMMI 
was used in its 'Red Imaging Low Dispersion' (RILD) mode with the llsAmm"^ grism (grism 
#2) and a thinned 2048 x 2048 24 ^m pixel Tektronix CCD (#36) as detector. A slit width of 
1.5 arcsec was used yielding a spectral resolution of 12 A. The wavelength coverage of the spectra 
was approximately 4000 A< A < 8700 A. All the observations were made in non-photometric 
conditions with the 'faint' mask exposures being particularly affected by cloud. 

A log of the AAT and NTT observations, with relevant details such as the total exposure time 
and the recorded seeing, is given in Table 2. The quoted exposure times consisted of a series of 
2000 s (and the occasional 1000 s) integrations for the LDSS-1 observations and 3600 s integrations 
for the EMMI observations. 

The data from both runs were reduced using a combination of routines in the LEXT (CoUess 
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et al. 1990), FIGARO, and IRAF reduction packages. Individual exposures were bias subtracted 
and then combined using the CCDPROC and IMCOMBINE commands within IRAF. Some of 
the LDSS-1 frames required small (1-3 pixel) shifts in the dispersion direction prior to coaddition 
to compensate for the effect of flexure within the spectrograph throughout the course of a 
set of integrations on a particular mask. The size of the shifts required were determined by 
cross-correlating the positions of the night-sky lines in adjacent exposures. The first night of 
data taken with LDSS-1 also required correction for a small misalignment between the dispersion 
direction and the columns of the CCD. This was accomplished using the SDIST and CDIST 
routines within FIGARO. The former was used to quantify the tilt from the spectra recorded 
in a tungsten lamp exposure taken through the same mask; CDIST then applied the fractional 
shifts required in the spatial direction (ie. along each row of the CCD image) to align the spectra 
along the CCD columns. The final steps of spectral extraction, sky-subtraction and wavelength 
calibration were performed using LEXT as previously described in Paper I. 

A representative collection of the reduced spectra is shown in Figure 1. These spectra are 
comparable in quality to those obtained in earlier work (CS, Paper I) with the same range in S/N 
(3-20) and a similar median value (S/N~8). They thus provide the same high rate of redshift 
identification and level of precision in making spectral line measurements. The only exception to 
this are the spectra obtained with the 'faint' mask at the NTT. Apart from 2 objects, these spectra 
all had signal-to-noise values too low (S/N< 3) to make reliable absorption line measurements. 
Nevertheless, a large fraction of these objects did provide redshift measurements due to the 
presence of emission lines. Measurements of the central observed wavelength and equivalent width 
(EW) of the identifiable emission and absorption lines in each spectrum were carried out using 
the FIGARO routine ABLINE. This was done independently by two of us (W.J.C. and A.J.B.) 
in order to provide an empirical check on our errors. In particular it allowed us to assess the 
uncertainty introduced into our equivalent width measurements through the placement of the 
continuum — a procedure which is done interactively within ABLINE. 

The results of these measurements together with other relevant data are presented in Table 3. 
The first 3 columns give the identity number of each object in (i) the SExtractor catalogue derived 
from our WFPC-2 images (§2.1), (ii) the photographic catalogue of CN, and (iii) the infrared {K') 
catalogue of B96, respectively. The absence of an entry in the first of these columns indicates 
that the object lies outside the WFPC-2 field. Listed in the next 5 columns are the R.A. and 
Decl. (1950), the R and K' magnitudes, and the B-R color. The R and K' magnitudes are 'total' 
values, the former being taken from our WFPC-2 derived SExtractor photometry where available 
(and from CN where not) and the latter from B96. The colors are the reddening-corrected Bj-Rp 
values of CN, transformed onto the standard Kron-Cousin B-R scale (Couch 1981). The next 
3 columns of Table 3 contain our spectral measurements. Listed are the mean redshift and the 
rest-frame equivalent widths of the [OII]A3727 emission and 11(5 absorption lines measured for 
each object. The presence of a colon following the redshift value denotes that the measurement 
is based on just one emission line - assumed in all cases to be [OII]A3727. The mean internal 
error in our redshift measurements is Az = ±0.0003 (corresponding to = ib70kms~^ in the 
rest-frame at z = 0.3) and a comparison based on the 10 repeated CS objects indicates a mean 
redshift difference, 2;(this paper)-2;(CS), of —0.0001 =b 0.0004 - consistent with the internal errors 
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in both sets of measurements. The errors quoted for the [OII]A3727 and H(5 equivalent widths 
represent the quadrature sum of the uncertainties arising from the noise in the spectra (taken 
from the [S/N, €(EW)]-relation derived empirically by CS from model synthetic spectra) and the 
placement of the continuum (as determined from our two independent sets of measurements). 

As a final step we combine our photometric data and spectroscopic measurements to derive 
a spectral type for each object, the results of which are recorded in the last column of Table 3. 
Here we follow exactly the precepts established by CS based on the position of objects within 
the [EW(H(5), (i3-i?)obs]~diagram. As described in detail by CS and further discussed in Paper I, 
this diagram is a powerful diagnostic for recognising and therefore isolating galaxies with different 
ongoing and recent star- formation histories. In the context of the star formation activity seen 
in distant cluster galaxies, 5 spectral types are of relevance: (1) "Starburst" (SB) - galaxies 
undergoing a burst of star formation, (2) "Post-starburst" (PSG) - galaxies which completed a 
burst of star formation within 2 Gyr prior to the epoch of observation, (3) "Spiral-like" (Sp) - 
galaxies with the spectral and color properties of normal nearby spiral galaxies, (4) "Passive" 
(Psv^) - galaxies with the spectral and color properties of nearby E and SO galaxies, and (5) "Red 
H5-strong" (HDS) - galaxies with the same spectral and color properties as the passive population 
but with enhanced H(5 absorption. The exact definitions of these different types and their location 
within the [EW(H(5), (i?-i2)obs]~pla'ne can be found in CS and Paper I and these are used here 
with one exception: B96's more conservative limit of EW(H(5)> 3.0 A for HDS types is adopted 
instead of the EW(H5)> 2.0 A limit used previously. For AC 103, AC 118 and AC 114 we once 
again define "red" and "blue" galaxies to have B~R colors (col. 8, Table 3) greater than and less or 
equal to 2.0, respectively, and stress that it is this color boundary which separates the HDS types 
(which are "red" and often referred to as "E+A" galaxies elsewhere in the literature; Dressier &: 
Gunn 1982, 1983) from the PSG galaxies (which are "blue"). 

In listing the spectral types for cluster members in Table 3, a number of objects have been 
designated as "Psv(pec)". These are galaxies whose spectra have all the same characteristics as 
the passive types but whose colors are marginally bluer (ie. B-R '^1.8-1.9) that they do not 
satisfy the 'red' criterion. Whilst photometric scatter could account for some of these objects, we 
flag them nonetheless. It should also be noted that some objects have their spectral types listed as 
"?" . This indicates that their spectral types were not measurable due to the low quality of their 
spectra. 

These new observations have provided spectroscopy for 107 previously unobserved objects 
within the fields of AC 103, AC 118 and AC 114. Of these, 15, 21 and 31 galaxies are contained 
within our WFPC-2 images of these clusters thereby extending the samples of spectroscopically 
confirmed cluster members in these fields to 26, 30 and 73 galaxies, respectively. In addition, 
there is now sufficient data to make comparisons between cluster and field objects with the latter 
types amounting to a sample of 33 galaxies with a mean redshift of < z >= 0.41 it 0.20. To 
this end we have compared the distribution in [OIIJA3727 equivalent widths to gauge whether 



''These were referred to as "E/SO" types in CS and Paper I; we have changed our nomenclature here to avoid 
confusion with our morphological classifications (see §4). 
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there is any gross difference in star-formation rates between the two environments at these earher 
epochs. A Kolmogorov-Smirnov test shows that there is no difference between the cluster and 
field distributions at the 5% significance level. Further spectroscopy of matched samples of cluster, 
super-cluster and field galaxies at these redshifts is really needed to establish this conclusively. 

3. Morphological Classification of Cluster Samples 

An inspection of our WFPC-2 images indicated that the goals of our study could be best 
achieved by continuing with the visual morphological classification scheme we developed for the 
WFPC-1 data in Paper I. Whilst machine-based measurements offer an objective means for 
obtaining broad classifications across large samples (Abraham et al. 1996; Small et al. 1997a), 
the visual approach is more sensitive to finding regular galaxies with unusual structure or 
minor peculiarities - traits which wc regard to be more important to this study. The excellent 
quality of the WFPC-2 frames meant that they provided high signal-to-noise (S/N> 100) 
imagery of all the galaxies whose evolution had been previously quantified both photometrically 
and spectroscopically. Most importantly, the S/N was clearly sufficient to recognise small 
irregularities in their structure that might be pertinent to their evolution (eg. signatures of 
dynamical interaction). The primary concern of this section, therefore, is the visual classification 
of magnitude-limited samples of galaxies within our cluster fields. Wc also describe tests of our 
discrimination between E and SO galaxies using a profile fitting technique. 

3.1. Visual Classification 

As was indicated in the initial HST studies of distant clusters (Paper I; Dressier et al. 
1994a,b; Oemler, Dressier & Butcher 1997) and which is even more striking in post-refurbishment 
images, the galaxy populations within these fields appear, morphologically, to be predominantly 
of normal Hubble type (elliptical, SO, spiral). In addition, the WFPC-2 data continue to reveal 
a significant number of objects with conspicuous signs of dynamical interaction either through 
the presence of tidal bridges and tails or gross distortions. We have therefore continued to use 
the classification scheme developed in Paper I based largely on the Revised Hubble system with 
an additional classifier used to flag different manifestations of interactions and merging between 
galaxies. Broadly, we assign to each object a Hubble type (ie. E,SO,Sa,Sab...Irr) and categorise 
dynamical interactions on the basis of the visible evidence be it an obvious merging of two objects, 
a clear interaction between two objects, or the presence of tidal features. The presence of satellites 
is also noted. The criteria used in making these classifications will be detailed below. 

Two of us (W.J.C. &: R.S.E.) each independently classified galaxies in all our cluster fields in 
the following manner. Using AC 103 as a test case, all objects within the SExtractor catalogue 
were classified in terms of Hubble type to as faint a magnitude limit as possible (^^702 ~ 23.5). 
We then determined how the incompleteness of our classifications varied with apparent (-R702) 
magnitude. This was gauged by the numbers of objects which were either too faint to classify or 
when classified as a spiral, their spiral arm structure was too faint to determine their subclass (i.e. 
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a,b,c,dm). It was found that in this case of a 3-orbit exposure, incompleteness began to set in at 
RjQ2 ~ 22, rising from ~ 5% at R702 = 22 to more than 20% at i?702 = 23. This led us to adopt a 
magnitude limit of R702 = 22.25 (My ^ M* + 3 at z = 0.3) for our morphological classifications 
in AC 103 and AC 118. The corresponding limit adopted for the 6-orbit exposures of AC 114 was 
i?702 = 23.00 mag (My ~ M* + 3.5). 

A full classification down to these magnitude limits was then conducted in each of our cluster 
fields. The two sets of results were merged and the final morphologies are presented in the last 
4 columns of Table 4. Objects with stellar appearance have been omitted in the compilation of 
this table. The first of these columns contains the Revised Hubble type. Here the nomenclature 
used is standard with the only departure being for the brightest member of AC 114 whose visual 
appearance was more appropriately described by the "cD" classification of the Morgan system. In 
denoting early Hubble types, the classifications "E/SO" and "SO/a" have sometimes been used. 
These reflect the ambiguities and uncertainties that can occur in classifying these types (this is 
discussed more fully in Small et al. 1997a) and are not meant to indicate transition cases. More 
specifically, they have been used to record cases where either both classifiers were unable to decide 
between an E or SO/SO or Sa classification or their classifications differed to this extent. The 
relative split between these two different situations was approximately 60% : 40%. Spirals have 
been classified to half a subclass with barred systems denoted in the usual way. However, barred 
systems were only noted where obvious and in no way can our catalogues be regarded as complete 
in the recording of these types. As partly mentioned already, some objects could be readily 
identified as "spirals" (through their "disky" rather than spheroidal appearance) but as a result 
of their faintness, orientation, or proximity to another object, the subclass they belonged to was 
unclear. Such cases are denoted with an "S" . 

A small fraction of objects have a morphology that could not be described within the Revised 
Hubble system; these are listed as either peculiar ("pec") or compact ("comp"). The latter, which 
were the most common in this category, are an interesting set of barely resolved objects which 
while not truly stellar in appearence, are too compact to classify in any detail. Unfortunately no 
spectroscopy is yet available to cast any light on the nature of these objects. Finally, some objects 
have been given a "GL" classification; this category is used for the numerous gravitationally 
lensed "arc" features revealed in our HST images (Small et al. 1995a). Our list, however, should 
not be taken to give a complete identification of such images with a more optimised and thorough 
compilation being reported elsewhere (Small et al. 1997b; Natarajan et al. 1997). There is also a 
small number of galaxies which are well enough resolved to be given a Hubble classification but 
are clearly distorted in a manner consistent with being lensed by the cluster. Such cases have been 
catalogued with their Hubble type and a note made to this effect in the last column of the table. 

The next column, headed "MDS", lists our classifications on the numerical scheme devised 
by Glazebrook et al. (1995) in their analysis of the HST Medium Deep Survey data. Here 

the different Hubble classes are assigned a number between and 6 with E=0, E/S0=1, S0=2, 
Sa-Sb=3, S=4, Sc-Sdm=5, and Irr=6. This scheme then uses a value of -1 for objects with the 
same "compact" morphology as found here and a value of 7 for unclassified objects. The only 
convention not adhered to was to assign galaxy mergers a value of 8. Instead we have preferred to 
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record the MDS number appropriate to the Hubble type of the object and to use the subsequent 
column to indicate its involvement in a merger. 

The third of our classification columns in Table 4 is used to indicate evidence of dynamical 
interactions and/or the presence of satellites. The morphological signatures associated with 
interacting and merging systems are well documented and understood from the observation and 
modelling of nearby systems (Arp 1966, Toomre 1977, Quinn et al. 1993), and the simulations of 
Mihos (1995) provide a useful indication of how the different phases of the merging process might 
appear in WFPC-2 images of the distant galaxies studied here. With these studies in mind, we 
have categorised objects in terms of three generic situations: 

1. Interactions. These are generally the most conspicuous and hence easily identifiable 
cases involving spatially distinct systems (separations > O.Sarcsec) of comparable brightness 
which have either a clear isophotal and hence tidal link between them (eg. AC 1147^CN87 and 
AC 1147^CN849 in Fig. 6a) or are mutually distorted in a way consistent with tidal interaction 
(eg. AC 114#CN111 in Fig. 6a). 

2. Mergers. These fall into two categories: multiple systems clearly in the process of merging 
and single systems where the visible distortions/peculiarities are interpreted as being due to a 
recent merger. The former are distinguished from objects in the previous class in that their 
multiple structure is on smaller scales (ie. separations ~0.2-0.5 arcsec; < 3.0 h^^ kpc at z = 0.3) - 
examples include AC 118#CN104 and AC 114#CN22 in Fig. 6a. The latter systems are identified 
on the basis of either having the classical tidal arm signature of a merger event (eg. Fig. 1 of 
Mihos 1995) or being so strongly distorted as to suggest the recent capture of another galaxy. 
Obviously the identification of these types is a rather subjective procedure and we treat such cases 
with caution (see below). A typical example is AC 114#CN155 in Fig. 6b. 

3. Tidal Evidence. This category is used to record objects which show evidence of tidal 
features but do not provide direct evidence of a merger or interaction with another galaxy. The 
connection between the two is, therefore, by implication only. Such features include: possible 
"shells" of the type seen by Malin & Carter (1983) in the outer regions of nearby spheroidal 
galaxies, warped and distorted outer isophotes around elliptical galaxies, "debris" of the sort 
predicted by Mihos (1995) to surround merger products for ~ 1 Gyr after the merger eventQ, and 
faint tails, whisps and arms consistent with having a tidal origin. 

These three different classes are denoted I or i, M or m, and T or t in the "Dyn/Int" column. 
The use of upper and lower case symbols is to indicate the level of certainty and unanimity 
in our classifications. Where upper case symbols are used, both classifiers independently and 
unreservedly gave the object this classification. Lower case symbols then indicate instances where 
there was not unanimity or some doubt in the classification was expressed by either or both of 
the classifiers. The one other entry in this column is "Sat" for galaxies with faint satellites. The 
criterion applied here is the presence of significantly fainter objects (as determined only visually) 
within a galaxy's visible envelope. In cases where there are multiple satellites, the exact number is 
recorded in parentheses. 



preliminary determination of the incidence of these types in AC 103 and AC 118 was reported in B96. 
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The final column in Table 4 contains comments relating to our morphological classifications. 

These serve several purposes, the main two being to make it clear what type of feature is 
responsible for an object's T/t classification, and to record peculiarities which are not described 
adequately under the Hubble or I/M/T/Sat schemes. One such peculiarity commonly recorded 
was a clear asymmetry in the arm structure of spirals. 

Having presented our morphological classifications, some comment is required on their 
reliability and consistency both internally and externally. An internal check was available from 
the two independent sets of classifications and this showed a high level of concordance between 
the two classifiers with no evidence of any systematic difference between them. In particular, 
a comparison of the Revised Hubble types derived over the three cluster fields indicated that, 
on average, exact agreement between the two classifiers occurred 56% of the time, agreement to 
within half a class (i.e. the difference between an E and E/SO or between an Sb and Sbc) occurred 
86% of the time, and agreement to within one class occurred 95% of the time. In addition, the 
average of these differences was zero indicating that one classifier did not systematically classify 
objects earlier or later (in the Hubble sense) than the other. When differences did occur, the 
method for dealing with them was as follows: In cases where the difference was one class or less, 
the average between the two was taken. For the small number of more serious discrepancies, the 
two classifiers reviewed their classifications and a final result was mutually agreed upon. 

The excellent level of internal agreement of our classifications, when combined with our 
concious attempt to keep our classification scheme as close as possible to the systems used by 
other HST morphological studies, means that our catalogues can be easily compared to these 
other samples. In particular, we can be confident that our Revised Hubble types are on the same 
system as those derived visually for the field galaxy populations imaged in the HST Medium 
Deep Survey (MDS, Griffiths et al. 1994; Glazebrook et al. 1995), as a large part of their 
classifications was conducted by R.S.E. In addition, both W.J.C. and R.S.E. played a major role 
in a similar classification of galaxies in more distant clusters as part of the "MORPHS" project - 
an HST-based study of 10 clusters at 0.37 < z < 0.56 (Small et al. 1997a). This ensures that our 
classifications are well tied to this study as well. 

Finally, as a reference for examining how the different morphological types we have identified 
are distributed spatially within the clusters (§4.4), plots showing the location and morphology of 
the classified samples within the WFPC-2 fields are presented in Figure 2. Galaxies have been 
plotted using different symbols to differentiate their morphology and those with a M, I, or T 
classification have been circled. 

3.2. Profile fitting 

An important check on the accuracy of the visual morphological classification of E and SO 
galaxies can be made using surface brightness profiles to identify extended disk components. The 
method we have adopted is to visually classify the surface brightness profiles, using plots of /j, vs 
r^/^, /X vs r and C4 vs r, where r is the equivalent radius of the best-fitting elliptical isophote 
with surface brightness /x in logarithmic units and C4 is the cos 40 coefficient in the Fourier 
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decomposition of the fit. In the absence of instrumental PSF and finite pixel size effects, a pure de 
Vaucouleurs v^l'^ elliptical would therefore be a straight line in the former plot, and an exponential 
disk in an SO would show up as a linear region in the outer parts of the second plot. The final 
plot measures the 'diskiness' of the isophotes and is a useful diagnostic for the presence of nearly 
edge-on flattened disks (e.g. Carter 1987). 

The surface brightness profiles were extracted from the reduced HST images using the 
Starlink Extended Surface Photometry package (Privett 1996) which allows interactive fitting of 
the local sky background and galaxy profiling using elliptical isophotes fitted to uncontaminated 
parts of the image. To account for the effects of finite pixel size and the wings of the WFPC-2 
PSF on the profiles, we used the IRAF ARTDATA package to generate synthetic images using 
pure exponential and pure r^l^ profiles, with appropriate S/N, and convolved them with PSFs 
generated using the TINYTIM (Krist 1994) package. These profiles then served as a reference set 
on which to base classification of the profiles extracted for galaxies in the 3 clusters. 

The primary role of the profile-based classifications has been to resolve cases of ambiguity 
where the visually determined morphologies were discrepant between the two classifiers. Figure 
3 shows two such examples from AC 103 where the profiles indicate an elliptical (HST#69) and 
SO (HST#650) classification, respectively. We have also used blind profile classifications to check 
the morphological classifications for a subset of the E &; SO galaxies in each cluster. The profile 
classifications were found to agree exactly with the visual classifications in 70% of cases; 15% of 
the sample were classified E visually but SO on the basis of profiles, whilst 15% were classified 
SO visually and E from the profiles (3% of the sample were unclassifiable on the basis of profiles 
alone). In general, therefore, despite using a very simplified model of real galaxies, the profile 
classifications support those based on a direct visual inspection of the HST images. In cases where 
there is disagreement, the profile-based classifications have been adopted in preference to the 
visual ones. 

4. Results 

4.1. Morphological Content 

Determining the morphological composition of our distant clusters is the primary goal of our 
study and, as a first step, wc examine the distribution in Hubble type of the magnitude-limited 
samples classified in each field. This information is contained within Figure 4 where we present 
"cluster" morphological distributions which show the numbers of different Hubble types (binned 
into E, SO, Sa-Sb, Sc-Sdm, Irr) corrected statistically for the expected contributions from the 
superimposed field galaxy population. The raw numbers of objects classified as "pec" or "comp" 
are also shown. Because of the much larger areal coverage available for AC 114, the data for this 
cluster have been divided into 3 contiguous radial bins each 1 arcmin (180 hT^ kpc) in width and 
plotted accordingly. A radial analysis of the data is justified for this cluster given its regular, 
centrally-concentrated structural morphology (CN). Note also that the inner < r < 180 /i"^ kpc 
zone corresponds closely to the regions covered by our single WFPC-2 pointings of AC 103 and 



-15- 



AC 118. 

Subtraction of the field component from our cluster distributions was accomplished using 
the rp-band galaxy number count data of Metcalfe et al. (1995) and the deep HST field 
morphology data of Driver et al. (1995). The former were used to determine the expected number 
of field galaxies within our WFPC-2 frames; they predict 27 galaxies brighter than i?702 = 22.25 
within the single 5.1arcmin^ WFPC-2 fields acquired for AC 103 and AC 118, and 195 galaxies 
brighter than -R702 = 23.00 in the 20.1arcmin^ field of AC 114. In comparison, the numbers of 
galaxies observed in these fields to the respective limits are AC 103 (122), AC 118 (129), and 
AC 114 (474). The distribution of the field population across the different Hubble types was 
set using the morphological mixes published by Driver et al. For our R^Q2 < 22.25 samples, a 
%E:%SO:%Sab:%Scdm:%Irr = 17:17:25:30:11 mix was adopted, and for our i?702 < 23.00 sample 
in AC 114 a %E:%SO:%Sab:%Scdm:%Irr = 10:10:25:30:25 mix was adopted. 

In determining the field contribution, careful account was taken of the differences between 
the i?702 system used for our WFPC-2 based photometry and the rp (= R; Couch & Newell 
1982) system used by Metcalfe et al. This was done by computing the offsets between the two 
bands using the spectral energy distributions for different Hubble types published by Pence 
(1976): (i?702 - rp) = -0.22 for E/SO, (i?702 - rp) = -0.17 for Sab, (i?702 - rp) = -0.10 for 
Sbc, (i?702 — rp) = —0.08 for Scd, (-R702 — rp) = —0.06 for Sdm. It should also be pointed out 
that the field galaxy mixes used here were determined from WFPC-2 observations made in a 
different passband (F814W« I) to the F702W band used for this study. However, the difference 
in apparent morphological mix between these two red bands should, to the limits we are working 
at, be small, to the extent that they will have a negligible effect on our final field-subtracted 
"cluster" distributions. To be consistent at least in magnitude limit, we converted our i?702 values 
onto the /814 system assuming i?702--f8i4 = 0-3 - the mean color of the field galaxy population at 
these limits (Small et al. 1995b). 

To provide a present-day "bench mark" with which to compare the morphological composition 
within our distant clusters, predictions of the morphological mix based on that observed in similar 
environments nearby were computed in each case. This is important in isolating evolutionary 
changes given that morphological mix is a strong function of global cluster morphology (Oemler 
1974) and local galaxy density (Dressier 1980), both of which vary considerably over our distant 
sample. To produce quantitative predictions, we used Dressler's well-defined [morphological mix, 
local galaxy densityj-relation which he showed underlies the variation in morphological mix with 
cluster morphology. Our procedure was to evaluate the density of galaxies local to each of the 
objects classified in our magnitude-limited samples, following as closely as possible the prescription 
adopted by Dressier. This involves identifying the 10 nearest neighbouring galaxies and then 
calculating the corresponding projected surface density, corrected for field galaxy contamination. 
In Dressler's nearby study this was done in the visual band to a limiting magnitude of my = 16.5 
for a cluster sample with an average redshift of z = 0.04. At z = 0.31 these experimental 
"conditions" can be reproduced almost directly, since in the rest-frame our F702W band is 
reasonably well matched to Dressler's visual band. The appropriate limiting magnitude in the -Rp 
band at this redshift has already been calculated by Couch (1981) and so we use the equivalent 
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limit on the Ryo2 system {R^q2^^''^^ = 21.08) as determined by the transformations described 
above. 

The distant versus nearby comparison of morphological content has been analysed in two 
ways. In AC 114 where our WFPC-2 imagery goes well out beyond the central core region, the 
observed field-corrected E:SO:Sp mix has been evaluated in contiguous radial zones centred on the 
central cD galaxy (HST#1.1089) and 0.5arcmin (90/i~ikpc) in width. This is a valid approach 
for reasons already mentioned. The local galaxy density averaged over all the galaxies within 
each of these zones was calculated, thus providing a present-day comparison by reading off the 
corresponding E:SO:Sp mix from Dressler's [morphological mix, local galaxy densityj-relation. 
In AC 103 and AC 118, where we have only single pointings with the clusters not perfectly 
centred within them, such a radial analysis was not practical. Instead, we simply compared the 
morphological mix observed over the whole frame with the nearby prediction based on the local 
galaxy density averaged over the whole frame as well. 

4.2. The Morphological Mix in the Cluster Cores 

We start by discussing the morphological mix seen in the cores (r < 200 h^^ kpc) of these 
clusters. Here the distributions in Figure 4 show quite clearly that, with the exception of the 
"Irr" class, all Hubble types are present in significant numbers in these regions. In particular, we 
sec considerable numbers of Sa-Sdm galaxies in addition to the dominant population of E and 
SO types. This corroborates the conclusion of the initial HST studies (Paper 1; Dressier ct al. 
1994a,b; Oemler et al. 1997) that spiral galaxies are a common inhabitant in the core regions of 
rich clusters at these earlier epochs. Importantly, this mix of morphologies is also seen in the 
samples of spectroscopically confirmed members (represented by the cross-hatched histograms in 
Figure 4) thereby ruling out that it is an artifact of incorrect field galaxy subtraction. 

These trends are documented more quantitatively in Table 5 where we list the E:SO:Sp 
fractions observed in our clusters together with those predicted from the Dressier [morphological 
mix, local galaxy densityj-relation. To aid our comparisons, we include for AC 114 the observed 
and predicted mixes within a single WFPC-2 sized field, centred on the cluster in an equivalent 
way to that of AC 103 and AC 118 (referred to as the "WFPC-2" region in Table 5). Inspection 
of the data shows only one instance where the observed and predicted mixes come within close 
agreement: in the central ~ l.Oarcmin (~ 180 kpc) in AC 114. Clearly the process(es) 
responsible for the morphology-density relation have almost run their full course in the very centre 
of this cluster and it maybe no coincidence that this happens to be the m,ost massive and regular 
cluster within our sample. In the core regions of the other two clusters spirals are seen in excess 
numbers, making up ~ 20-35% of the galaxy population in contrast to fractions of less than 10% 
seen at the same projected densities nearby. The highest fraction (35%) is observed in AC 103, 
the least massive of the clusters in our sample. Furthermore, the enhancement in spiral numbers 
persists all the way into the centres of AC 103 and AC 118, with the E:SO:Sp mixes within their 
central 0.5 arcmin being no different to those evaluated over the full WFPC-2 field. With spirals 
being present in excess numbers, accordingly there is a deficit in the numbers of E and/or SO 
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galaxies, the balance of which appears to vary between the two clusters. In AC 103, both the E 
and SO fractions are below the present-day levels whereas in AC 118 it is only the ellipticals that 
are deficient. 

A comparison of the morphological mixes we see at z = 0.31 with those at higher redshift is 
also an important one and here the "MORPHS" observations based on single WFPC-2 pointings 
of the cores of 9 clusters at 0.37 < z < 0.56 (Small et al. 1997a) allow us to do so almost directly. 
The two most conspicuous trends involve the Sp and SO populations. The spiral fractions in 
the higher redshift sample are, in general, significantly higher than that seen at z = 0.31, being 
at the 40-50% level. In addition, we see a significant drop in the fraction of SO's in going to 
higher redshift; whereas ~ 40% of the galaxies arc SOs in our clusters at z = 0.31, the fraction is 
consistently within the 5-20% range in the interval 0.37 < z < 0.56. Given that the morphological 
classifications of both studies should be consistent with each other (see §3.1), it is unlikely 
that this is the result of systematic differences in the way SOs are identified. Rather it further 
emphasises the conclusion of Dressier et al. (1997a) that there has been a significant and quite 
rapid production of SOs (and depletion of Sps) in cluster cores since z ~ 0.5. 

4.3. The morphological mix on larger scales 

Our WFPC-2 mosaic of AC 114 provides a first-time view of the morphological mix in the 

more outer regions of a distant cluster; in particular, we are able to examine morphologies out to 
distances of 600 kpc from the center of AC 114. In doing so, we probe regions where the 
projected galaxy density is a factor of ~ 3 lower than that in the central core and, as a result 
of AC 114's rather flat and regular surface density profile at these projected radii, is relatively 
uniform (50-60 gals Mpc~^). 

Returning to Figure 4, the most conspicuous trend seen in going to larger radii is the 
significant decline in E &; SO numbers to the point that the distributions are now spiral-dominated. 
The extent to which this simply reflects the change in morphological mix with galaxy density, 
which drops with radius, requires examination and here we refer to the data presented in Table 5 
and Figure 5. The latter shows, in separate panels, the observed and predicted fractions of E, SO 
and Sp galaxies in the 6 contiguous radial zones evaluated for AC 114. The two innermost "core" 
zones show graphically the behaviour described in the previous section. 

At larger radii (r > 200 kpc) the discrepancy between the observed and present-day 
fractions becomes very pronounced. This is particularly so for the spirals which show a very 
strong increase, rising to ~ 60% of the cluster population which is well above the ~ 20% levels 
seen nearby at the same, lower projected galaxy densities. This excess of spirals is largely at the 
expense of the SO population which shows a significant deficit at these larger radii. A deficit in 
the fraction of E galaxies is also seen although it is only significant at radii between 200 and 
300/1-1 kpc. 

Some caution needs to be taken in interpreting the excesses and deficits we have identified via 
this comparison. Firstly, the present-day mixes taken from Dressler's [morphological mix, local 
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galaxy density] -relation represent mean values about which he found a scatter of ±5% from cluster 
to cluster. Secondly, the interpretation that the E and SO deficits seen in our distant clusters are 
evidence for further production of these types at subsequent epochs is, with our use of fractional 
content, not a unique one. A mere drop in the numbers of spirals would be sufficient to cause the 
E and SO fractions to rise. Such a scenario cannot be overlooked given the considerable (~ 2 mag) 
fading spirals are known to undergo should their star formation cease (B96, Abraham et al. 1996), 
thereby effectively removing many of them from apparent magnitude-limited samples such as we 
have studied here. The possibility that the distant cluster spiral populations are being modified in 
this way will be discussed in §6. 



4.4. Trends in other morphological signatures 

As a final step in examining our observed morphologies, we focus on the subset of objects 
showing evidence of dynamical interactions, containing satellites, and exhibiting structural 
abnormalities. In particular, we examine whether they show any spatial gradients or segregation 
within the regions covered by our WFPC-2 imagery. Any variations of this nature may further 
constrain what physical processes are at play; for example, cluster tidal forces (Byrd &; Valtonen 
1990, Valluri 1993) which increasingly distort galaxies as they come close to the center, the 
process of violent relaxation which may mix the cluster uniformly but also destroy interacting 
systems (Gunn & Gott 1972), or "galaxy harassment" where a combination of two-body and tidal 
forces combine to disrupt low surface brightness galaxies and those with low central concentration 
(Moore et al. 1996). 

A visual assessment of the spatial distribution of dynamically interacting (M/I/T) systems 
within our cluster fields is easily gained from the positional/morphological maps of Figure 2. Here 
we see no evidence for any strong clustering of these objects nor any evidence that they avoid the 
densest regions of the clusters. At most there is an indication in AC 103 and AC 118 that they are 
located preferentially near the peaks in galaxy density - top right- and bottom left-hand corners 
of the AC 103 field and left/below center in AC 118 - but it is hardly convincing. To be more 
quantitative, we have analysed the number of M, I or T types (as a fraction of the total cluster 
population) as a function of radius from the cluster center. The data for AC 114 are shown in the 
bottom panel of Figure 5; this shows the fraction of M/I/T systems remains relatively constant 
at ~ 20% with the fiuctuations about this being no more than that expected statistically (Gehrels 
1986). Although not plotted, AC 118 shows a similar flat behaviour out to its radial limit of 
r ~ 300 kpc, albeit about a lower mean fraction of 12%. The same analysis was not attempted 
for AC 103 due to its lack of adequate statistics and its irregular structure. 

The statistics on those systems showing structural abnormalities or containing satellites are 
small and so only broad conclusions can be drawn about their distribution within the clusters. 
With the exception of one or two cases, all the identifications of structural abnormalities occurred 
amongst spirals, their arm structure having been listed as either "assymctric" or "distorted". 
We therefore compared the incidence of these abnormal spirals in and out of the core regions in 
AC 114 and AC 118, with the contamination by field spirals taken into account. In AC 114, there 
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is no evidence to suggest that such systems are any more abundant in one region than the other; 

about 1 in every 5 cluster spirals appears to have this peculiar arm structure right across the 
cluster (0-0.5 Mpc). In AC 118, there is marginal evidence that the incidence of these galaxies is 
greater outside the core but the factor of ~ 2 increase is only significant at the 2a level. 

For those galaxies identified as having one or more satellites, a total of 9 were found in 
AC 103, 7 in AC 114, and 5 in AC 118. Yet again we see cluster-to-cluster differences in their 
distribution rather than the same general trend across all 3 clusters. In AC 118 it is notable that 
all the galaxies with satellites are located within the central l.Oarcmin core whereas in AC 103 
and AC 114 they show no such preference. These observations must be treated with caution, 
however, as our cataloguing of these systems is not in any way complete. 

5. Morphology and Star Formation 

Spectroscopy of the clusters studied here, as indeed with other distant clusters, has linked the 
BO-effcct to higher levels of star formation, much of which is of an intense and short-lived nature 
(Dressier & Gunn 1982, 1983; CS). We now address the morphological nature of these highly 
active systems on a case by case basis. This follows on from Paper I where we first examined the 
connections between star formation characteristics and morphology. However, on that occasion 
we were frustrated by the rather small sample of objects at our disposal, particularly active 
blue members. With our sample now considerably expanded both in terms of the number of 
clusters imaged with HST and the numbers of spectroscopically confirmed members with reliable 
star-formation typings, we are in a position to draw much firmer conclusions on this issue. 

In Figure 6 the WFPC-2 images of the spectroscopically identified 'active' members in 
AC 103, AC 118 and AC 114 are assembled and grouped according to their star formation typings 
(SB, PSG, Sp, HDS; see §2.2). The SB and PSG galaxies are shown in Fig. 6(a). The former, 
which occupy the top row, are objects genuinely undergoing a major burst of star formation with 
high-excitation emission line-dominated spectra similar to local examples of starburst galaxies 
and rest-frame colors equally as blue (see CS). The PSG objects which follow, are displayed in 
order of increasing tsF, the time that has elapsed since the completion of their most recent star 
formation. This can be estimated from their position in the [EW(H(^), (i?-i?)]-diagram using the 
model tracks of CS and B96. Going from left to right across each row and down the mosaic, the 
first 7 objects are estimated to be seen at tsF ^ 0.4 Gyr, the next 4 at t^F ~ 1 Gyr, and the final 
object at tsF ~ 2 Gyr. Of these, the objects shown in the second row of Fig. 6(a) are the most 
unambiguous in terms of having a starburst event in their recent past; their colors are simply too 
blue [{B — -R)obs ~ 1-2] and their 11(5 equivalent widths too large (> 7A) to be consistent with 
the truncation of star formation in just a normal spiral galaxy. For the remaining objects it is 
not so easy to distinguish them from "truncated spirals" although in the cases of AC 114#228, 
AC 118#166, AC 114#191, and AC 114#849, their positioning very close to or below the spiral 
galaxy sequence in the [EW(H(5), (5-i?)]-plane favours more a starburst history (see CS for further 
details) . 

The most conspicuous feature of this set of objects is the number which are unambiguously 
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interacting and/or merging, with 2 of the 3 SB galaxies and 3 of the 10 PSG galaxies having 
an I or M classification. Furthermore, they are all major mergers/interactions in which the 
participating galaxies are both luminous and of similar size. Our WFPC-2 images of CNt^III, 
87, and 22 in AC 114, of course, reconfirm the interacting/merging nature of these objects first 
reported in Paper I. However, we now see much more clearly the morphology of the individual 
galaxies that are involved. What is even more significant is that all but two of the 6 galaxies 
for which we have the clearest spectroscopic and photometric evidence of starburst activity (top 
two rows of Fig. 6a) arc undergoing major mergers/interactions: Although our sample of such 
objects is small, it provides a strong indication that dynamical interactions are a major driver of 
the starburst activity seen in these clusters. Our observations also fit nicely with the sequence of 
events predicted by the simulations whereby the very active period of star formation triggered by 
the interaction/merger occurs close to the time we see them here of final approach and coalescence 
(Mihos 1995). In addition, the galaxies involved are mid- to late-type spirals, consistent with the 
gas-rich systems required to sustain such a strong burst of star formation (CS). 

Whilst having established this important link between interactions/mergers and starburst 

activity, it clearly is not unique: we see starburst objects where major interactions/mergers 
could not possibly be responsible for their star formation activity. The two cases in point are 
AC 114#510 and AC 103^132. The former, which is caught undergoing a starburst, has the 
morphology of a normal mid-type (Sb) spiral galaxy, albeit with a noticeably higher central surface 
brightness. It is perhaps also of note that this galaxy is considerably further from the cluster 
center than the other two SB galaxies (500 kpc cf. 100-200 kpc). AC 103^132 is a late-type Scd 
spiral with somewhat peculiar internal structure. One interpretation of this structure is that it has 
undergone a minor merger but the evidence is hardly convincing (hence the "m" classification). 

A further conspicuous division seen amongst the galaxies of Fig. 6(a) is the common and 
quite distinct morphology of the bottom set of 7 objects, with all but one of them being normal, 
isolated SO-Sb types. Whatever the exact details of recent star formation are in these galaxies 
(ie. starburst, truncated spiral, or otherwise), clearly the end-products are early-type disk 
systems. While this identifies one evolutionary path at least that leads to the production of SOs, 
it raises other questions. For example, can any of these objects really be the descendants of the 
mcrging/interacting-type systems seen in the top two rows of Fig. 6(a)? We shall defer discussion 
of this issue until the next section. 

We next move on to the sample of 8 "Sp" types which have spectra and broad-band colors 
similar to present-day spiral galaxies; their images are presented in Figure 6(b). They show CS's 
spectral/color-based classification to be 100% successful in identifying galaxies which are true 
spirals in the morphological sense. The fact that 7 of these spiral members are of Sb Hubble type 
or later further emphasises the late-type composition of the blue spiral population in these distant 
clusters (see also Oemler et al. 1997). Our HST images also convey a strong visual impression 
of what feeble and low surface brightness objects some of these galaxies - particularly the later 
types - would be in the event of their star formation ceasing and the associated bright knotty 
regions being no longer present. That some of these spirals will simply fade from view when the 
star formation in their disks is eventually extinguished is clearly a distinct possibility. It is also of 
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note that this set of galaxies is not without its irregularities. AC 114#243 and AC 103#134 are 

clearly interacting with or tidally distorted by their close neighbours while AC 1147^155 has tidal 
arm structure highly suggestive of a recent merger. We would stress, however, that galaxies in this 
class do not share the more definitive merging characteristics of the SB and PSG types. As already 
discussed, another important irregularity seen in many of the spirals is a strong asymmetry in 
their spiral arm structure (see §4.4). Such a peculiarity in the detailed structure of spirals in the 
rich cluster environment at these redshifts appears to be common; a more rigorous quantification 
of this effect based on a much larger sample of spectroscopically confirmed cluster spirals can be 
found in Dressier et al. (1997b). 

Figure 6(c) contains the images of the red HDS types. It can be seen that the large majority 
(14/16) of these objects are normal, mostly isolated E or SO galaxies. This confirms the conclusion 
of Paper I that these objects are spheroid-dominated systems, although with twice the sample 
of objects and the better quality data we have here, it is now apparent that they are not 
preferentially ellipticals but instead comprise a ~35%:65% mix of E and SOs, respectively. Our 
profile fitting technique (§3.2) has been crucial in this context, establishing that objects AC 114#4, 
AC 114#858, AC 114#89 and AC 118#4 are bona fide ellipticals rather than face-on SO galaxies. 

The purpose of Figure 6 has, up to this point, been to examine and discuss the morphology 
of the 'active' (SB, PSG, Sp, HDS) cluster members. The morphologies of the 72 "Psv" and 
8 "Psv(pec)" galaxies whose images have not been shown also deserve comment, in particular 
whether the former are consistent with their spectroscopic and photometric classification of being 
identical to present-day E or SO galaxies (CS). By and large we find this to be the case with 59 
(82%) of the Psv types having Hubble types of E, E/SO, SO or SO/a. The 13 remaining objects in 
this sample are all early-type (Sa, Sab, Sb) spirals; a representative collection of these objects is 
shown in Figure 6(d). Although it is only a small sample, it is interesting to note that all but one 
of the 8 Psv(pec) galaxies have an SO or SO/a classification. 

Whilst we expect some fraction of the spiral population in clusters to be as red as the E and 
SO populations (Butcher & Ocmler 1978b), such objects would be expected to have some on-going 
star formation and, strictly, should not be included in the "Psv" spectroscopic class due to their 
[Oil] emission. On the other hand the strength of [Oil] emission in present-day spirals, at least, 
is correlated with their color in the sense that the reddest objects have the weakest emission 
(Dressier &; Gunn 1982, CS). It could well be the case that we struggle to detect [OH] emission 
in such objects given the expected weakness of this feature (EW< 5A), the limited S/N of our 
spectra and the limited size (< 2 arcsec) of our spectroscopic aperture. A reexamination of the 
spectra shows this is likely in some but not all cases. Whereas objects CN#253 and CN#171 in 
Fig. 6(d) have spectra with a S/N insufficient to rule out [Oil] emission at the EW< sA level, 
objects CN#509, CN#537, CN#232, and CN#139 all have much superior spectra in which [OH] 
emission has to be absent at the EW< lA level. Clearly high S/N spectroscopy of the light 
integrated over the full disk of these galaxies would be valuable in clarifying their emissive nature 
(or otherwise). Nonetheless, wc note that all these galaxies have smoothly-textured and rather 
diffuse spiral arm structure similar to that of the 'anaemic' gas-deficient spirals identified by van 
den Bergh (1976) in nearby rich clusters. This is suggestive of a family of 'dead' spirals which have 
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possibly had their star formation extinguished through gas removal or gas starvation processes 
(Gunn & Gott 1972; Larson, Tinsley & Caldwell 1980). 

Finally, our systematic inspection of galaxy morphology according to star formation class 
has revealed numerous examples of dynamically interacting systems amongst all types. We 
conclude this section by taking an inventory of the numbers of M/I/T systems within the different 
spectroscopic classes and properly assessing the statistical significance of their rate of occurrence 
in each. The data are presented in Table 6 with the numbers for each cluster listed individually 
and, to maximise the statistics, in combined form as well. The numbers in parentheses are those 
where the m, i, and t systems have also been included; for completeness, the numbers of objects 
recorded as having satellites (Sat classification) are also listed. Despite the numerous cases of 
major mergers/interactions found amongst the SB and young PSG types (§5 and Fig. 6a), the 
galaxy samples involved still remain small even when combined across all three clusters. When 
subjected to a formal error analysis (based on binomial small number statistics; Gehrels 1986) 
we see that the higher incidence of dynamical interactions amongst the SB and PSG classes in 
comparison to the other (Sp, HDS and Psv) types is yet to be established with any statistical 
significance. The most we can conclude from our data is that dynamical interactions occur at a 
significantly higher rate (39^g%) across the blue active (SB+PSG+Sp) population in comparison 
to the Psv population (rate = 18 ± 3%). There is also a suggestion that the merger /interaction 
rate amongst the HDS population is at the same, lower level as the Psv population although 
better statistics are needed to confirm this. Table 6 also serves to highlight the fact that AC 103 
is somewhat of an exception in that its population of blue active galaxies contains no undisputed 
cases of mergers or interactions (M or I class objects). Wliilst the statistics are even poorer in 
this individual case, it is of note that AC 103 has quite different global properties to AC 114 and 
AC 118, being significantly poorer (CN) and having a much lower lensing-inferred mass (Small et 
al. 1997b; see §6). Perhaps even more relevant in this context is the virialisation process within 
AC 103 which, on the basis of its redshift distribution (see also §6), would appear to be more 
advanced than in the other two clusters with the consequence that merging/interacting systems 
are possibly disrupted. 



6. Discussion 

In this paper we have examined the morphological mix exhibited by the galaxy populations 
in a sample of 3 distant clusters all at the one look-back time, r ~ 2.3 hr^ Gyr. Wc have studied 
this both globally and in more detail by concentrating on spectroscopically confirmed members 
categorised according to their current or recent star formation activity. Our analysis has provided 
a detailed view of the morphology of galaxies within clusters at an earlier epoch across a range of 
environments and cluster type. The challenge remaining is to piece together the trends seen at 
this era across the different classes of object and between the 3 clusters into a unified evolutionary 
picture which accounts for the observed changes in star formation activity and morphological 
content at subsequent times. A parallel aim in doing so is to glean clues about the physical 
processes responsible for these changes. 
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A simple question to ask at the outset is whether the various sub-populations identified 

in the distant clusters can be successfully described as different stages of a single evolutionary 
cycle, rather than as a collection of unrelated objects. This issue has been addressed in detail by 
B96 whose careful modelling showed that the SB, PSG and HDS types, at least, are consistent 
with sequential phases of a single evolutionary cycle, involving secondary star formation in a 
cross-section of cluster galaxies. This conclusion was not based solely on reproducing galaxy colors 
and spectra using evolutionary burst models (as in CS), but also in accounting for the numbers of 
objects observed in each phase, having properly taken into account the evolutionary time-scales, 
the changes in luminosity associated with the starburst, and the selection of the spectroscopic 
samples. It was shown that the relative numbers of SB, PSG, HDS, and even quiescent Sp 
types observed in AC 103, AC 118 and AC 114 were best reproduced by a model population in 
which starbursts take place stochastically in ~ 30% of the objects over a ~ 2 Gyr period prior 
to the epoch of observation. Whilst this modelling places only mild constraints on the detailed 
characteristics of the starbursts, it demonstrated the viability of an evolutionary connection 
between some subset of the SB, PSG, and HDS types. Galaxies in these classes, therefore, need 
not be considered in isolation but also as the possible antecedants/descendants of each other. 

In the framework of this proposition our morphological study has uncovered two striking 
trends which may be of major importance in further testing the single cycle model of B96. 
Firstly, the 'older' {tsF > 1 Gyr) PSG galaxies are all early-type disk (SO-Sb) systems whereas 
the HDS population comprises a mixture of these types plus ellipticals as well. Secondly, the 
majority of the galaxies seen in the actual starburst phase or very soon after arc involved in 
major interactions/mergers, thereby suggesting that this process is the predominant trigger of this 
activity. The fact that we see numerous galaxies in the interacting, pre-merger phase adds strong 
support to this. Not only do they provide direct evidence of interactions/mergers taking place, 
but they also imply the process to be widespread given the expected brevity (~ 0.5 Gyr; Mihos 
1995) of this phase. However, an important question remains: can the observed morphologies of 
the evolved PSG and HDS types be reconciled with their formation through recent mergers and, 
if so, do we constrain the nature of these mergers? 

Dealing first with the remnant morphologies expected from major mergers, there are 
potentially two problems for this type of merger picture: Firstly, there is a long-established 
result from simulations that major mergers of disk galaxies have remnants which show pure de 
Vaucouleurs (r^) profiles, with little or no disk component remaining (Negroponte &: White 1983; 
Barnes 1988; Hernquist 1993). However, all the older PSG types are disk systems and E galaxies 
make up only ~ 35% of the HDS population. This would indicate that the high proportion of 
galaxies with disks seen amongst the older PSG and HDS categories are not formed through major 
mergers. The second problem for the major merger scenario relates to the tidal debris that is 
predicted to surround the remnants of major mergers for ~ 1 Gyr after coalescence (Mihos 1995). 
Mihos' simulations showed that although faint, it should be clearly visible on WFPC-2 images 
of the depth attained in this study, and yet we see no evidence of debris around the younger 
PSG galaxies, where we would estimate that they are viewed within the appropriate period, 
^SF < 1 Gyr, after the merger. However, it is possible that the cluster environment has additional 
effects on the visibility of this debris, perhaps stripping it to form intracluster light, although such 
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a process might also have substantial effects on the galaxy in its own right. Nevertheless, unless 
there are shortcomings in our understanding of major mergers, it seems unlikely that the majority 
of the PSG and HDS types are the remnants of this kind of event. 

In terms of outcomes, "minor" mergers in which galaxies accrete satellite or dwarf galaxies 
can be quite different and less constraining. Although these events lack the visibility associated 
with the early stages of a major merger, this may be more than compensated for in the much 
larger pool of dwarf galaxies available to fuel minor mergers. Moreover, whilst minor mergers 
can significantly disturb the structure of a galaxy, they can do so without destroying their disks 
(Quinn et al. 1993). Schweizer (1996) has even argued that they can contribute to SO formation. 
Although none of our galaxies show unambiguous evidence of undergoing a minor merger, it is 
conceivable that features such as the high central surface brightness of the SB galaxy AC 114^^5 10 
and the disturbed appearance of the PSG galaxy AC103#132 (as well as a number of the Sp 
types) result from this process, taking Quinn et al.'s simulations as a comparative guide. 

Another important consideration in this context is the selection effects that come into 
play in defining our samples of SB, PSG and HDS objects. Of particular importance is the 
sizeable increase in luminosity that accompanies starburst activity thereby considerably enhancing 
the visibility of these objects in the SB and early PSG phases, but in contrast making them 
significantly fainter in the later PSG and HDS phases (B96). We have attempted to minimise the 
bias this might have on our spectroscopic samples by largely basing their selection on infrared 
K' magnitudes (sec §2.2). However, even in this band a ~ Imag rise and fall in luminosity is 
seen at the beginning and end of the starburst phase (Fig. 2, B96); the galaxies in the top two 
rows of Fig. 6(a) would therefore seem destined to fade by this amount by the time they get 
to the late PSG phase. This would be sufficient for at least 4 of these galaxies (AC 114#111, 
AC 103#132, AC 118#104, AC 114#22 all with 11 < K' < 18) to drop below the selection 
limit of our spectroscopic samples {K' = 18). Hence if the infrared luminosities of the starburst 
systems we see here are representative of the population of cluster members that experience this 
phenomonen - that is they are of modest luminosity with Lk' ~ L*j^i + 1 mag - then it is no 
surprise that the end-products are largely missing from our current samples, having faded to join 
the clusters' dwarf galaxy population. 

Despite these questions over the identification of the post-merger population, the fact remains 
that we see dynamical interactions actually taking place, not just amongst the starburst objects 
but across the whole cluster population (§5). This seems contrary to the notion of a "hot" 
cluster environment where the relative velocities between galaxies exceed their internal values 
thus making strong interactions unlikely. However, this objection may well be a naive one for two 
reasons: Firstly, theoretical work by Mamon (1992) and Makino & Hut (1997) has shown that 
interactions/mergers do still occur in rich clusters at levels sufficient to influence the evolution of 
galaxy systems despite the high relative velocities. Secondly, and perhaps more importantly, the 
assumption of a "hot" virialised environment in the clusters we observe here is not necessarily 
a valid one. If we look at the cluster redshift distributions assembled from all the available 
spectroscopic data (Figure 7), all three show varying degrees of incompatibility with the pure 
Gaussian form expected for a virialised population. AC 114 and AC 118, in particular, show the 
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greatest deviations in this context. Whilst the former does contain a major gaussian component 
- centred at z = 0.313 and seemingly associated with the virialised core (r < 150 kpc) region 
identified by lensing studies (Natarajan et al. 1997) - a second velocity sub-component centred 
at z = 0.325 is also clearly present. AC 118 shows no overall gaussian behaviour whatsoever and, 
instead, appears to be a collection of at least two velocity sub-structures. Indeed the unrelaxed 
state of AC 118 is further emphasised by X-ray and gravitational lensing studies. Masses inferred 
from the weak lensing shear observed for background sources in the field of AC 118 would, if the 
system was virialised, result in a velocity dispersion ~70% smaller than that observed (Small et 
al. 1997b). In addition, the shear map derived for AC 118 in this study together with the map of 
the hot X-ray gas obtained with the ROSAT PSPC (Bower et al. 1997) show this cluster to have 
two well resolved mass sub-components which are presumably coalescing. 

As encouraging as this might be to understanding why the conditions within our clusters 
are favourable towards dynamical interactions, it still has to be born in mind that the observed 
incidence of this phenomenon (20% over our 3 clusters; Table 6) is considerably higher than that 
seen in any environment nearby. Even in the Hickson compact groups - recognised as being the 
most favourable environments locally for galaxy interactions and mergers - show a merger fraction 
of only 6% (Zepf 1993). Clearly the evidence from this study together with the similarly high 
fractions of interacting/merging systems observed in other distant clusters (e.g. Paper I, Oemler 
et al. 1997) point to a significant evolution in the rate of interactions and mergers between these 
earlier epochs and the present day. 

A useful theoretical framework in which such evolution might be explained and the assemblage 
of clusters through the merging of mass sub-components (as seen in AC 118) is a major feature, 
is provided by the "hierarchical" clustering models described and developed in various ways by 
Bower (1991), Kauffmann (1995a,b) and Baugh et al. (1997). Of key importance in this scenario 
is that the distant clusters we observe here have had quite different evolutionary histories to their 
present-day counterparts, undergoing a much shorter and more turbulent period of merging prior 
to virialisation. As the above studies have shown, this has important evolutionary implications for 
their galaxy populations, with the most massive systems predicted to show the strongest effects. 
Evidence for this within our sample is suggestive if not conclusive: The absence of any detectable 
lensing signal in the direction of AC 103 indicates that it has a central mass approximately an 
order of magnitude less massive than AC 118 and AC 114 (Small et al. 1997b, Natarajan et al. 
1997). Notably, this cluster has the highest core spiral fraction of our three clusters (see Table 
5) and shows the smallest incidence of interacting/merging amongst its blue population (see §5); 
however, its blue galaxy excess within ~ 300^"^ kpc of its center is no different to that of AC 118 
and AC 114 (CS) and it has a similar population of active (SB, PSG, HDS) types. At the other 
extreme, studies of the 'strong' and 'weak' lensing effects seen towards AC 114 (Small et al. 1995a, 
Natarajan et al. 1997) indicate that it has a very massive and deep central (r < 150 kpc) 
potential and it is in this very region where we see the most evolved morphological mix within 
our 3 clusters (§4.2). Clearly a bigger sample of clusters with well determined lensing-based mass 
distributions are needed to better clarify such trends. 

Finally, on the question of mechanisms, we are faced with a clear dichotomy amongst the 
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population of active cluster members: there is a distinct subset of objects undergoing major 

interactions/mergers but there is an equahy conspicuous collection of objects where this process is 
unlikely to have played any part in their recent evolution. For the former, the interacting/merging 
process provides a natural mechanism for triggering and then truncating a burst of star forming 
activity and, at the same time, producing systems with a spheroid morphology. For the latter 
- particularly the population of normal disk systems (Fig. 6a,b) - it would seem some other 
mechanism is responsible for the demise, at least, of their star formation activity. Numerous 
alternative mechanisms have been suggested and discussed in the literature: ram pressure 
stripping (Gunn & Gott 1972, Kent 1981), galaxy infall and interactions with the intracluster 
medium (Bothun & Dressier 1986), tidal compression by the cluster gravitational potential (Byrd 
& Valtonen 1990, Valluri 1993), and "galaxy harassment" via high speed impulsive encounters 
(Moore et al. 1996). 

The recent study by Abraham et al. (1996) of the rich cluster Abell 2390 at z = 0.228 
has refocussed attention on galaxy infall, showing it to be a process of major importance in 
this cluster's development and the evolution of its galaxy population. Their evidence was based 
on comprehensive color, spectral, dynamical and coarse morphological information on galaxy 
members going out to very large radii (r ~ 3Mpc), which revealed gradients in these properties 
consistent with the cluster being fed and built up by an infalling population of field galaxies. If 
what is seen in A 2390 is a widespread phenomenon in clusters, then the Abraham et al. study 
would indicate we should at least see the remnants of this infalling population even within the 
much smaller fields studied here. Given the infallcrs should be predominantly normal spirals 
whose star formation is halted upon entry into the cluster, the remnants will be identifiable via 
their "truncated spiral" type spectra/colors and morphologies consistent with the later phases of a 
spiral anaemic spiral SO transformation sequence. Certainly these characteristics have been 
recognised amongst our cluster members. As discussed in the previous section, some of the older 
PSG types shown in the bottom 3 rows of Fig. 6(a) have spectra and colors equally well explained 
by truncated star formation in a normal spiral. In addition they are all disk galaxies with either 
an SO or early-type spiral morphology as might be expected. Another set of candidates is the 
'dead' spirals with their passive-type spectra/colors and anaemic spiral morphology (Fig. 6d). 
Importantly though, we also see in our clusters spirals undergoing normal star formation which 
raises the question as to why they have managed to survive? Their distribution in redshift (Fig. 
7) gives no (limited) indication that they are peripheral objects and hence perhaps early infallers. 
Alternatively, we might be seeing them after just one or two crossings of the cluster, which are 
insufficient to completely wipe out their star formation activity. 

Turning to the galaxy harassment scenario (Moore et al. 1996), it is particularly interesting 
as it makes quite specific predictions as to the duration of the visible phase of this process and the 
morphological signatures that are expected to be seen. Specifically, Moore et al's simulations of 
a model spiral galaxy falling into a cluster show the harassment phase to last for several billion 
years during which the galaxy's spiral arms are drawn out of its disk and, as such, are subjected 
to severe tidal distortions (as seen in their Figure 3b). Given the timescale together with the fact 
that this is expected to be a continuous process, a high fraction of blue disk galaxies showing this 
type of distortion should be seen over a wide range in redshift. An inspection of our distant cluster 
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galaxy morphologies reveals only 3 possible cases of spirals in this harassed state (AC 118#438, 
AC 114^1.147; and AC 10377^62), but these examples are far from dramatic. Furthermore, 
according to Moore et al., disturbed spirals are likely to be accompanied by starbursts, but our SB 
category does not show any distorted spirals. While this casts some doubt as to the widespread 
operation of galaxy harassment within our clusters, it is perhaps premature to rule it out entirely. 
The main reason for this is that Moore et al's simulations have explored only a small region of 
parameter space in terms of the properties (luminosity, morphology, etc) of the harassed galaxy; 
more comprehensive simulations of this process will better establish its importance. 

The data presented here on three clusters of intermediate redshift further emphasise the rapid 
evolution in morphological content and star formation activity that has occurred in rich clusters 
over the last one third of a Hubble time. Fundamentally, however, this tracking of cluster galaxy 
morphology back in time both by our study and even further by the MORPHS study (Small et al. 
1997a, Dressier et al. 1997a) has revealed the changes to be one of morphological mix rather than 
one of basic galaxy structure: the same basic Hubble types we see today are in place in clusters 
at z =0.3-0.5. Nonetheless, the epoch when this basic structure formed in cluster galaxies would 
appear to be within grasp. Observations of clusters at z ~ 1 with HST by Dickinson (1997) 
and Faber et al. (1997) reveal galaxy populations dominated by chaotic and fragmented systems 
bearing no resemblance to the normal Hubble types seen in the clusters at z < 0.5. Clearly the 
interval 0.6 < z < 1 merits similarly detailed attention if we are to fully unravel the morphological 
development of galaxies within the rich cluster enviroment. 

7. Summary 

This paper has presented deep, HST-hased high resolution imagery of 3 rich but diverse 
clusters at z = 0.31 from which detailed morphologies of their galaxy populations have been 
derived and analysed with reference to ground-based spectroscopy and optical-infrared multi-band 
photometry. The primary results of our study can be summarised as follows: 

(1) Our 3 clusters, each of which exhibit a significant blue BO excess, provide further evidence 
that this effect is linked to the presence of greater numbers of spiral galaxies in these environments 
at earlier epochs. We find these spirals to be generally of normal Hubble type spanning the full 
Sa-Sdm/Irr range and, collectively, are present in numbers up to ~4 times higher than that seen 
in the same high density environments nearby. The galaxies directly responsible for the blue BO 
excess are predominantly of mid to late (Sb-Sdm) Hubble type. 

(2) Some indications as to the dependency of this spiral galaxy excess on global cluster environment 
are provided by our study. In the core (r < 200 h"^ kpc) regions we find the highest spiral fraction 
(35%) to be in the least massive, most irregular cluster in our sample (AC 103). In contrast, the 
morphological mix closest to that seen at the same densities nearby is found in the core of our 
most massive and regular cluster, AC 114. Furthermore, our study of the outer (r > 200 kpc) 
regions of this latter cluster, where the projected galaxy density has dropped by a factor of ~ 3 
relative to the core, reveals spirals to be in excess by a similar factor. 
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(3) The higher fractions of spiral galaxies in these clusters is accompanied by a deficit in either or 
both E and SO galaxies. Although still substantial, the deficit in SO galaxies seen here at z = 0.31 
is significantly lower than that seen in rich clusters at z ^ 0.5 (Smail et al. 1997a, Dressier et 
al. 1997a), indicating a steep downward trend consistent with a quite rapid production of SOs in 
cluster cores since z ^ 0.5. 

(4) On average, one in every five cluster members (both blue and red) show morphological 
signatures indicative of dynamical interactions. A similar fraction of the spirals in our clusters also 
show structural abnormalities in which their arms appear to be mildly asymmetric or distorted. 
Examination of the spatial distribution of both sets of objects within our clusters shows no 
convincing evidence that they are clustered in any way or avoid particular regions of the cluster. 
The fraction of galaxies involved in dynamical interactions appears to remain constant with radius 
from the cluster center. 

(5) Our extensive spectroscopy and multi-band photometry of the clusters in our sample has 
allowed us to focus on the morphology of those cluster members identified as being currently active 
in star formation or having been so in their recent past. The very blue galaxies either undergoing 
a major starburst or having just recently completed one are predominantly systems involved in 
major mergers. Dynamical interactions appear to be a common cause of this most extreme form 
of star formation activity seen in these clusters. With the caveat that our statistics arc small, the 
galaxies involved are mostly of modest luminosity {L^' ~ L*j^, + 1 mag) even in this brightened 
phase; in their later faded state they appear destined to become dwarfs, too faint to be included in 
magnitude-limited spectroscopic samples such as ours. The galaxies with ongoing star formation 
occur ing at the rates typical of normal nearby spirals, are mostly normal Sb-Sdm/Irr Hubble 
types. For the later types in this group, their visibility on our WFPC-2 images is due mainly to 
their compact, knotty regions of star formation; it is clear they would become quite diffuse, low 
surface brightness systems if their star formation were to cease. 

(6) The galaxies seen at times > 1 Gyr after their last major episode of star formation — the blue 
"PSG" and red "HDS" objects - also show clear morphological trends. The former, whose spectra 
and colors are consistent with them having either a starburst or "truncated" spiral origin, are all 
normal early-type (SO-Sb) disk galaxies - a morphology seemingly inconsistent with them having 
experienced a major merger, at least in their recent past. It would seem that they are mostly 
descendants of the active spiral population who have had their star formation curtailed by some 
other mechanism, thereby (as we see directly) feeding the early-type disk populations in these 
clusters. The HDS objects, interpreted from their spectra and colors as being the remnants of 
secondary star formation in old dormant systems, have morphologies consistent with this picture, 
being mostly normal, isolated E or SO galaxies. 

(7) Collectively, these results provide further evidence that the evolution in star formation activity 
and morphological content associated with the BO-effect involves not one but several physical 
processes. Only one of these - galaxy-galaxy interactions and merging - can we see at work 
directly, providing a natural mechanism for triggering and then truncating star formation and 
transforming galaxies morphologically into spheroidal systems. However, an almost equally 
conspicuous feature of our samples is the numbers of objects where this process could not have 
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played any major part in altering the course of their star formation activity. Pinpointing what 

processes are responsible in these cases is a more difficult challenge. To this end our study does 
provide some important clues: The normal disk morphology of the old "PSG" population together 
with the anaemic looking spirals found amongst the "Psv" types point to processes which bring 
star formation to a halt but leave the basic disk structure intact and largely unperturbed. This 
seems more consistent with the operation of mechanisms which affect just the gas supply (eg. 
ram-pressure stripping, galaxy infall) rather than all mass components of the galaxy (eg. tidal 
processes). Indeed as far as "galaxy harassment" is concerned (a prominent example of the latter), 
we find no evidence of the population of severely distorted spirals that is predicted if the operation 
of this mechanism is widespread. 

We wish to thank Ray Lucas for his expert support and guidance in gathering the data for this 
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many stimulating discussions throughout the course of this work. WJC acknowledges the financial 
support of the Australian Research Council, the Australian Department of Industry, Science &; 
Tourism, and SUN Microsystems. 



- 30 - 



REFERENCES 

Abraham, R.G., van den Bergh, S., Glazebrook, K., Ellis, R.S., Santiago, B.X., Surma, P., & 
Griffiths, R.E. 1996a, ApJS, 107, 1 

Abraham, R.G., Smecker-Hane, T.A., Hutchings, J.B., Carlberg, R.G., Yee, H.K.C., Ellingson, E., 
Morris, S., Oke, J.B., & Rigler, M. ApJ, 471, 694 

Aragon-Salamanca, A., Ellis, R.S., & Sharpies, R.M. 1991, MNRAS, 248, 128 

Arp, H. 1966, ApJ, 14, 1 

Barger, A.J., Aragon-Salamanca, A., Ellis, R.S., Couch, W.J., Small, I., & Sharpies, R.M. 1996, 
MNRAS, 279, 1 (B96) 

Barnes, J.E. 1988, ApJ, 331, 699 



Baugh, C.M., Cole, S., Frenk, C.S., & Lacey, C.G. 1997, |astro-ph/9703111 



Bertin, E., & Arnouts, S. 1996, Astron. Astrophys.Suppl., 117, 393 

Bothun, G.D., k Dressier, A. 1986, ApJ, 301, 57 

Bower, R.G. 1991, MNRAS, 248, 332 

Bower, R.G. et al. 1997, in preparation 

Butcher, H., & Oemler, A. 1978a, ApJ, 219, 18 (BO) 

Butcher, H., & Oemler, A. 1978b, ApJ, 226, 559 

Butcher, H., & Oemler, A. 1984, ApJ, 285, 426 

Byrd, G., & Valtonen, M. 1990 ApJ, 350, 89 

Carter, D. 1987, ApJ 312, 514 

Colless, M., Ellis, R.S., Taylor, K., & Hook, R.N. 1990, MNRAS, 244, 408 

Couch, W.J. 1981, PhD thesis, Australian National University 

Couch, W.J., Ellis, R.S., Sharpies, R.M., & Small, I. 1994, ApJ, 430, 121 (Paper I) 

Couch, W.J., & Newell, E.B. 1982, PASP, 94, 610 

Couch, W.J., & Newell, E.B. 1984, ApJS, 56, 143 (CN) 

Couch, W.J., & Sharpies, R.M. 1987, MNRAS, 229, 423 

Dickinson, M. 1997, in The Early Universe with the VLT, ed. J. Bergeron (Berlin Heidelberg: 
Springer), p. 274 

Dressier, A. 1980, ApJ, 236, 351 



-31 - 



Dressier, A., & Gunn, J.E. 1982, ApJ, 263, 533 
Dressier, A., & Gunn, J.E. 1983, ApJ, 270, 7 

Dressier, A., Oemler, A., Butcher, H., & Gunn, J.E. 1994a, ApJ, 430, 107 

Dressier, A., Oemler, A., Sparks, W.B., & Lucas, R.A. 1994b, ApJ, 435, L23 

Dressier, A., Oemler, A., Couch, W.J., Small, I., Ellis, R.S., Barger, A.J., Butcher, H., Poggianti, 
B.M., Sharpies, R.M. 1997a, ApJ (in press) 

Dressier, A., Poggianti, B.M. ct al. 1997b, in preparation 

Driver, S.P., Windhorst, R.A., Ostrander, E.J., Keel, W.C., Griffiths, R.E., & Ratnatunga, K.U. 
1995, ApJ, 449, 23 

Ebbels, T., Ellis, R.S., Kneib, J.P., Small, I. 1997, in preparation 

Ellis, R.S., Small, I., Dressier, A., Couch, W.J., Oemler, A., Butcher, H. & Sharpies, R.M. 1997, 
ApJ, 483, 582 

Gchrcls, N. 1986, ApJ, 303, 336 

Glazebrook, K., Ellis, R.S., Santiago, B., & Griffiths, R. 1995, MNRAS, 275, 19 

Griffiths, R.E., Ratnatunga, K.U., Neuschaefer, L.W., Casertano, S., Im, M., WyckofF, E.W., 

Ellis, R.S., Gilmore, G.F., Elson, R.A.W., Glazebrook, K., Schade, D.J., Windhorst, R.A., 
Schmidtke, P., Gordon, J., Pascarellc, S.M., Illingworth, G.D., Koo, D.C., Bershady, M.A., 
Forbes, D.A., Phillips, A.C., Green, R.F., Sarajedini, V., Huchra, J.P., k, Tyson, J.A. 1994, 
ApJ, 437, 67 

Gunn, J.E., & Gott, J.R. 1972, ApJ, 176, 1 

Hernquist, L. 1993, ApJS, 86, 389 

Holtzman, J.A. 1995, PASP, 107, 1065 

Kauffmann, G. 1995a, MNRAS, 274, 153 

KaufFmann, G. 1995b, MNRAS, 274, 161 

Kent, S.M. 1981, ApJ, 245, 805 

Krist, J. 1992, TINYTIM User's Manual (Baltimore: STScI) 
Lavery, R.J., & Henry, J.P. 1988, ApJ, 330, 596 
Lavery R.J., Pierce, M.J., & McClure, R.D. 1992, AJ, 104, 2067 
MacLaren, I., Ellis, R.S., & Couch, W.J. 1988, MNRAS, 230, 249 
Malin, D. F., & Carter, D. 1983, ApJ, 274, 534 



-32- 



Makino, J. & Hut, P. 1997, ApJ, 481, 83 
Mamon, G.A. 1992, ApJ, 401, L3 

Metcalfe, N., Shanks, T., Fong, R., & Roche, N. 1995, MNRAS, 273, 257 
Mihos, J. C. 1995, ApJ, 438, L75 

Moore, B. Katz, N., Lake, G., Dressier, A., & Oemler, A. 1996, Nature, 379, 613 
Natarajan, P., Kneib, J.P., Smail, I., & EUis, R.S. 1997, in preparation 
Negroponte, J., & White, S.D.M. 1983, MNRAS, 205, 1009 
Oemler, A. 1974, ApJ, 194, 1 

Oemler, A., Dressier, A., k Butcher, H. 1997, ApJ, 474, 561 

Pence, W.D. 1976, ApJ, 203, 39 

Privett G. 1996, Starlink Software User Note 180 

Rakos, K.D., k Schombert, J.M. 1995, ApJ, 439, 47 

Quinn, P. J., Hernquist, L., & Fullagar, D.P. 1993, ApJ, 403, 74 

Schweizer, F. 1996, AJ, 111, 109 

Smail, I., Dressier, A., Couch, W.J., Ellis, R.S., Oemler, A., Butcher, H., k Sharpies, R.M. 1997a, 
ApJ (in press) 

Smail, I., Couch, W.J., Ellis, R.S., Sharpies. R.M. 1995a, ApJ, 440, 501 
Smail, I., Hogg, D.W., Yan, L., Cohen, J.G. 1995b, ApJ, 449, LIO 

Smail, I., Ellis, R.S., Dressier, A., Couch, W.J., Sharpies, R.M., k Butcher, H. 1997b, ApJ, 479, 
70 

Stanford, S.A., Eisenhardt, P.R.M., k Dickinson, M.E. 1996, BAAS, 188, 2106 

Toomre, A. 1977, in The Evolution of Galaxies and Stellar Populations, ed. B. M. Tinsley k R. B. 
Larson (New Haven: Yale University Press), p. 401. 

van den Bergh, S. 1976, ApJ, 206, 883 

Valluri, M. 1993, ApJ, 408, 57 

Zepf, S.E. 1993, ApJ, 407, 448 



This preprint was prepared with the AAS lAT^^X macros v4.0. 



-33- 



Table 1. Log of HST Observations 



Cluster 




R.A.(1950) 


Decl.(1950) 


Date 


Filter 


P.A.(V3) 


Exposure 
(s) 


AC 118 




00 11 47.9 


-30 39 58.6 


1994 Nov 22 


F702W 


217.0 


6500 


AC 103 




20 52 51.5 


-64 50 26.3 


1995 Jun 10 


F702W 


135.0 


6500 


AC 114 


#1 


22 56 02.0 


-35 05 05.3 


1996 Jan 05 


F702W 


270.0 


16800 




#2 


22 56 02.0 


-35 03 16.3 


1996 Jan 05 


F702W 


270.0 


16800 




#3 


22 56 10.6 


-35 05 05.8 


1996 Jan 06 


F702W 


270.0 


16800 




#4 


22 55 53.3 


-35 03 16.0 


1996 Jan 07 


F702W 


270.0 


16800 
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Table 2. Log of Spectroscopic Observations 











Exposure 


Seeing 


Cluster 


Telescope/Instr 


Mask 


Date 


(s) 


(arcsec) 


AC 103 


AAT/LDSS-1 


#1 


1995 Aug 28 


14000 


1.5 




AAT/LDSS-1 


#2 


1995 Aug 29 


10000 


1.7 


AC 118 


AAT/LDSS-1 


#1 


1995 Aug 29 


10000 


1.3-2.0 




AAT/LDSS-1 


#2 


1995 Aug 28 


15000 


1.4 


AC 114 


AAT/LDSS-1 


#1 


1995 Aug 29 


10000 


1.4 




NTT/EMMI 


'bright' 


1995 Oct 22 


7200 


0.8 




NTT/EMMI 


'faint' 


1995 Oct 23,25 


7200 


0.8-1.6 



Table 5. Morphological Content of Clusters 



Cluster Region Nd Observed^ Predicted 











%so 


%Sp 


%E 




%Sp 


AC 103 


WFPC-2 


84 




31+_l 


3511 


42 


49 


9 


AC 118 


WFPC-2 


100 


2711 


5111 


2211 


45 


50 


5 


AC 114 


0' < r < 0.5' 


24 


55tl 


391^ 




49 


49 


2 




0.5' < r < 1.0' 


36 


38+1 


401^ 


2211 


36 


47 


17 




1.0' < r < 1.5' 
1.5' < r < 2.0' 


64 
71 


19+1 
12ti 


2911 
2411 


5211 
64+1 


31 
30 


46 
47 


23 
23 




2.0' < r < 2.5' 
2.5' <r < 3.0' 


46 
21 


u+_f 


29+1 

241^^ 


451^ 
62l?o 


32 

31 


46 
46 


22 
23 




WFPC-2'' 


117 




37li 


19li 


42 


48 


10 



^Errors are la confidence limits calculated using the tables published by 
Gehrels(1986) 

''WFPC-2 sized field centred on the cluster 
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Table 6. Incidence of Dynamical Interactions 



Numbers of objects Percentages^ 



Spectral Class 


Total 


M 


I T 


Sat 


(M+I+T) 


Sat 








AC 103 








Psv 


17 


0(0) 


0(0) 1(3) 


4 


6(18) 


24 


HDS 


4 


0(0) 


0(0) 1(2) 


1 


25(50) 


25 


PSG 


2 


0(1) 


0(0) 0(0) 


1 


0(50) 


50 


SB 





0(0) 


0(0) 0(0) 





0(0) 





Sp 


3 


0(1) 


0(0) 1(2) 





33(100) 











AC 118 








Psv 


21 


0(0) 


5(5) 2(2) 


3 


33(33) 


14 


HDS 


3 


0(0) 


0(0) 0(0) 


1 


0(0) 


33 


PSG 


3 


1(1) 


1(1) 0(0) 





67(67) 





SB 





0(0) 


0(0) 0(0) 





0(0) 





Sp 


2 


0(1) 


0(0) 0(0) 





0(50) 











AC 114 








Psv 


42 


1(1) 


4(4) 1(2) 


5 


14(17) 


12 


HDS 


7 


0(0) 


1(1) 0(0) 


1 


14(14) 


14 


PSG 


7 


1(1) 


1(1) 0(0) 





29(29) 





SB 


3 


0(0) 


2(2) 0(0) 





67(67) 





Sp 


3 


1(1) 


1(1) 0(0) 





67(67) 






Table 6 — Continued 



Numbers of objects 



Spectral Class 


Total 


M 


I T 








Overall 


Psv 


80 


1(1) 


9(9) 4(7) 


HDS 


14 


0(0) 


1(1) 1(2) 


PSG 


12 


2(3) 


2(2) 0(0) 


SB 


3 


0(0) 


2(2) 0(0) 


Sp 


8 


1(3) 


1(1) 1(2) 


PSG+SB+Sp 


23 


3(6) 


5(5) 1(2) 


Total 


117 


4(7) 


15(15) 6(11) 



Sat 



Percentages^ 
(M+I+T) Sat 



12 
3 
1 



1 



18l!(2lll) 



^42 J 



39ll(57l«) 



15 

21 



33+;^ (42 
67t^^(6r 
38ii(75i^6) 0+21 



+3 
2 

+18 
10 

8+f 

0+46 



4lf 



2ij:?(28j:?) utl 



'^Errors, where quoted, are la confidence limits calculated using the tables 
published by Gehrels(1986) 
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AC103 CN113 



z = 0.3101 




5500 

Wavelength (A) 

AC 114 CN427 



H9 H<- H 
[on] IHtj i K ^ br 



Wavelength (A) 
AC 118 CN2B 



H7 
G i 



z = 0.3Z56 




z = 0.2926 




5500 6000 
Wavelength (A) 



Fig. 1. — Representative examples of new spectra obtained for members within our 3 clusters at 
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□ # 
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□ 



□ 



™ % # 



□ 



□ 
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(a) 



Fig. 2. — Plots showing the position and morphology of the galaxies classified in our WFPC-2 fields: 
(a) AC 103, (b) AC 118, (c) AC 114. The different morphological types are represented as follows: 
E - filled squares, SO - filled triangles, Sp - open squares, Pec/Comp - asterisks, suspected lensed 
images - stars; objects involved in dynamical interactions (M, I or T classification) are circled. The 
scale bar is 0.5 arcmin in length. 
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AC 118 



□ 



□ 



□ 



□ 



□ 



□ 
□ 



□ 



□ 



□ 



□ 



□ 
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□ 
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□ □ 
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. © 






□ A 


□ ° 




□ 
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© 

□ 



a 
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□ n ^ 
^ 



□ 



a © □ 



I 



(c) 



HST#69 



20 



HST#650 




Fig. 3. — Example surface brightness profiles for two galaxies in AC 103. Left-hand panel: relative 
surface brightness (in mags arcsec"^) versus (in arcsec) for HST#69 with a pure de Vaucouleur 
(r^/**) profile shown by the dashed line; Right-hand panel: relative surface brightness versus r (in 
arcsec) for HST#650 indicating an SO classification on the basis of its exponential disk profile at 
large radii {dashed line) (see text for details). 
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Fig. 4. — The distribution of galaxies classified within our WFPC-2 fields according to Revised 
Hubble type. Open histograms represent our complete magnitude-limited samples corrected for 
field galaxy contamination; cross-hatched histograms represent spectroscopically confirmed cluster 
members. The numbers of "Comp" and "Pec" types are also shown {solid histograms). 



-44- 



Radius {h~^ Mpc) 



0.0 0.1 0.2 0.3 0.4 




12 3 



Radius (arcmin) 



Fig. 5. — The fraction of different morphological types as a function of radius in the cluster AC 114. 
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Fig. 6. — WFPC-2 images of cluster members in the different star formation categories. The tick 
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Fig. 6.— (b) "Sp" types. 
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Fig. 6.— (c) "HDS" types. 
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Fig. 6.— (c) "HDS" types. 
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Fig. 6. — (d) Spirals with a "Psv" classification. 
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Fig. 7. — Redshift distributions for our 3 clusters. Open histograms: all cluster members; solid 
histoqrams: "blue" members fie. those in the "SB", "PSG" and "Sp" spectroscopic classes). 



TABLE 3 
New Spectroscopic Results 









EW(A3727) 


EW(H(5) 


Spectral 


HST CN B96 R.A.(1950) Decl.(1950) R 


K' B-R 


z 


(A) 


(A) 


Type 



AC 103 - AAT/LDSS-1 





56 




194 


20 


53 


02 


6 


-64 


49 


36 





21.00 


16.03 


3.57^^ 





3102 




1 


4±0 


4 


Psv 




393 


59 


131 


20 


52 


53 


4 


-64 


50 


27 


1 


20.24 


17.16 


2.59 





3063 




1 


4±1 





Psv 




535 


55 


125 


20 


52 


49 





-64 


50 


38 





20.42 


17.45 


1.86 





3162 










Psv(pec) 


On 


1020 


146 


158 


20 


52 


50 


1 


-64 


50 


07 


1 


20.42 


17.55 


1.62 





3060 


10.6±1.0 


2 


0±0 


5 


Sp 




69 




191 


20 


53 


01 


7 


-64 


49 


45 


9 


18.98 


15.52 


4.37^ 





3028 







6±0 


6 


Psv 


^ . 


61 


131 


120 


20 


53 


01 


9 


-64 


50 


37 


7 


19.27 


16.15 


1.91 





3161 




1 


2±1 


2 


Psv(pec) 


> : 


67 


321 


185 


20 


53 


01 


7 


-64 


49 


37 


6 


20.22 


16.96 


2.49 





3058 










Psv 


o . 

>—w , 


2011 


139 


138 


20 


52 


56 


6 


-64 


50 


19 


8 


20.40 


17.18 


2.41^ 





3050 










Psv(pec) 




650 


21 


56 


20 


52 


43 


1 


-64 


51 


29 


9 


20.55 


17.34 


1.89 





3149 







4±0 


5 


Psv(pec) 




102 


135 


154 


20 


53 


00 


6 


-64 


50 


07 


9 


20.78 


17.35 


2.58 





3091 







1±0 


5 


Psv 




529 


49 


108 


20 


52 


49 


1 


-64 


50 


50 


2 


20.01 


17.56 


1.42 





3332 


22.0±2.0 


2 


7±0 


6 


SB 




96 


113 


54 


20 


53 


01 





-64 


51 


36 





19.68 


16.42 


2.24 





3101 







9±0 


8 


Psv 


> • 


34 


318 


190 


20 


52 


58 





-64 


52 


09 


2 


18.55 


14.93 


2.49 





3078 







4±0 


4 


Psv 


. 


653 


1 


68 


20 


52 


43 


3 


-64 


51 


11 


3 


18.06 


15.72 


0.86 





1148 


24.1±1.0 


2 


2±0 


5 




O ' 


37 


327 


213 


20 


53 


02 


5 


-64 


49 


21 


3 


20.33 


17.12 


2.74 





4732 




3 


4±0 


5 




1 ■ 


654 


23 


65 


20 


52 


43 





-64 


51 


17 


7 


19.91 


16.29 


2.30 
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1 






27 




196 


20 


53 


02 


6 


-64 


49 


45 


4 


20.50 


16.64 


3.52^ 
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l> ■ 
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52 
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45 
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20.91 


16.98 


2.26 





6774 
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87 
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52 


54 


4 


-64 


51 


11 





21.60 


17.11 


1.67 
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46 
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52 
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3 
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51 


44 
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16.29 


4.31^ 
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4±0 


4 


Psv 


1 ^ 




67 


14 


20 


52 


55 


2 


-64 


52 


12 


7 


20.89 
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1.78 





3092 




3 


4±0 


5 


PSG: 


O ' 




11 


40 


20 


52 


48 


2 


-64 


51 


43 


1 


19.80 


16.47 


2.09 





3156 
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2 


7±0 


5 
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20 


52 


40 


2 
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49 


18 
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2.30^^ 





3086 







9±0 


5 


Psv(pec) 






75 


10 


20 


53 


26 


5 


-64 


48 


01 


2 


19.77 


16.96 


2.50 





3076 




2 


1±0 


6 


Psv 






8 


34 


20 


52 


46 





-64 


51 


55 





20.48 


17.20 


2.96 





3087 




1 


6±0 


4 


Psv 


> '. 




1 ^7 




on 


^0 

oz 


DU 


n 
U 


-04 


/IQ 


nn 
uu 


7 


1 Q p^n 
ly .ou 




9 1 S 


u 


ouyi 












•I— 1 I 




454 




20 


52 


47 


7 


-64 


47 


34 


4 


20.15 




1.93 





3062 


10.8±1.0 


2 


7±0 


5 


Sp 






362 




20 


52 


57 


5 


-64 


48 


22 





19.47 




1.89 





3094 


14.4±2.9 


4 


4±0 


4 


Sn 
op 


^\ 




235 




20 


52 


50 


9 


-64 


54 


40 


7 


20.61 




2.13 





3116 










Psv 






223 




20 


52 


41 


9 


-64 


53 


48 


6 


19.26 




2.22 





3049 




1 


5±0 


4 


Psv 






280 




20 


53 


09 


9 


-64 


53 


44 





18.93 




2.07 





3111 


3.5±1.0 


3 


7±0 


5 


Sp 






3 


45 


20 


52 


38 


3 


-64 


51 


44 


7 


18.12 


15.21 


1.83 





3093 




3 


3±0 





PSG: 








28 


20 


52 


43 


9 


-64 


51 


58 


3 




15.52 


3.93^ 





3087 










Psv: 






270 


1 


20 


53 


03 


9 


-64 


52 


28 


1 


18.27 


14.55 


1.17 





0927 


21.9±1.0 


3 


6±0 


5 








5 


30 


20 


52 


43 


9 


-64 


51 


58 


3 


20.14 


16.33 


1.43 





6783 


6.4±1.0 


9 


6±4 


9 








86 




20 


52 


35 


3 


-64 


53 


15 


1 


20.95 




1.86 





5121 


5.7±1.5 


2 


6±0 


3 








419A 




20 


53 


01 


8 


-64 


55 


02 


9 


20.51 




1.85 





4554 


18.1±1.0 


2 


0±0 


5 








419B 




20 


53 


01 


8 


-64 


55 


02 


9 


20.51 




1.85 





5407 


3.4±2.2 


1 


2±1 


2 








287 




20 


52 


58 


1 


-64 


54 


24 


7 


20.77 




1.92 





5413 


40.0±2.2 














425 




20 


53 


16 


4 


-64 


53 


23 


7 


20.47 




1.85 





5479 


1.9±1.9 


1 


3±0 


6 


























AC 118 - 


AAT/LDSS-1 


















337 


36 


75 


00 


11 


49 


5 


-30 


40 


28 





19.08 


15.93 


2.70 





3024 










Psv 




442 


11 


97 


00 


11 


49 


9 


-30 


40 


04 


4 


19.36 


16.42 


2.85 





3148 










Psv 




548 


79 


113 


00 


11 


45 


3 


-30 


39 


52 


3 


19.60 


16.47 


2.38 





2958 




1 


Oil 





Psv 



1 



TABLE 3— Continued 



EW(A3727) EW(H,5) Spectral 
HST CN B96 R.A.(1950) Decl.(1950) R K' B-R z (A) (A) Type 



61 


63 


25 


00 


11 


46 


2 


-30 


41 


12 


8 


19.65 


16.66 


2.68 


0.3132 










Psv 


596 


75 


128 


00 


11 


44 


2 


-30 


39 


39 


6 


20.83 


17.15 


2.43 


0.3029 










Psv 


37 


47 


37 


00 


11 


49 


4 


-30 


40 


58 


7 


20.94 


17.94 


3.64 


0.2896 










? 


659 


175 


151 


00 


11 


46 


4 


-30 


39 


18 


5 


19.45 


16.36 


2.11 


0.3135 




1 


6±0 


4 


Psv 


335 


35 


81 


00 


11 


49 


8 


-30 


40 


26 


9 


19.82 


16.39 


2.88 


0.3018 




1 


9±0 


3 


Psv 


218 


52 


57 


00 


11 


50 


8 


-30 


40 


38 


7 


19.37 


16.52 


1.88 


0.3085 




2 


2±0 


9 


Psv(pe 


492 


12 


109 


00 


11 


49 


9 


-30 


39 


55 


6 


19.78 


16.60 


2.35 


0.3162 




1 


3±0 


6 


Psv 


233 


69 


48 


00 


11 


43 


5 


-30 


40 


49 


7 


20.18 


16.92 


2.15 


0.3021 




1 


9±0 


8 


Psv 


438 


28 


95 


00 


11 


47 


9 


-30 


40 


07 


9 


19.85 


17.06 


1.46 


0.2926 


7.6±1.1 


3 


9±0 


3 


Sp 


768 


182 


163 


00 


11 


41 


8 


-30 


38 


57 


8 


20.04 


17.13 


2.59 


0.3062 




1 


6±0 


5 


Psv 


43 


54 


33 


00 


11 


51 


5 


-30 


41 


03 


3 


20.40 


17.17 


2.27 


0.3157 




1 


2±1 


2 


Psv 


1034 


22 


130 


00 


11 


50 


1 


-30 


39 


38 


7 


21.00 


17.95 


2.27 


0.3011 







9±0 


4 


Psv 


712 


170 


155 


00 


11 


43 





-30 


39 


11 


9 


20.01 


16.94 


1.91 


0.3152 




1 


7±0 


5 


Psv(pe 


21 


57 


38 


00 


11 


50 


5 


-30 


41 


09 


1 


20.63 


17.28 


3.00 


0.3189 




2 


2±0 


8 


Psv 


200 


50 


51 


00 


11 


50 


2 


-30 


40 


42 


3 


19.63 


16.27 


1.92 


0.4971 


24.2±1.0 


2 


3±0 


4 




373 


33 


77 


00 


11 


49 


5 


-30 


40 


16 


8 


19.91 


16.73 


1.59 


0.4982 




6 


4±0 


4 




767 


165 


171 


00 


11 


46 


9 


-30 


38 


48 


6 


19.92 


16.93 


2.39 


0.5763: 












619 


84 


137 


00 


11 


47 





-30 


39 


27 





21.05 


17.64 


3.01 


0.4983 














186 


142 


00 


11 


41 


5 


-30 


39 


15 


7 


18.00 


14.95 


2.51 


0.3090 










Psv 




219 


193 


00 


11 


43 


1 


-30 


38 


29 


7 


18.30 


15.47 


2.24 


0.3066 




3 


0±0 


4 


HDS 




100 


4 


00 


11 


53 


5 


-30 


41 


33 


4 


20.27 


17.21 


2.41 


0.3057 




2 


3±0 


7 


Psv 




132 


19 


00 


11 


42 


6 


-30 


41 


19 


4 


20.53 


17.30 


2.45 


0.2975 




4 


4±1 


1 


HDS 




99 


2 


00 


11 


52 


8 


-30 


41 


36 


2 


20.70 


17.57 


2.16 


0.3192 




2 


4±0 


6 


Psv 




161 


183 


00 


11 


49 





-30 


38 


41 


9 


19.39 


16.53 


2.69 


0.2993 










7 




310 




00 


11 


57 


9 


-30 


41 


49 


6 


18.52 




2.37 


0.3121 




2 


4±0 


6 


Psv 




314 




00 


11 


55 


6 


-30 


42 


13 


3 


19.89 




2.37 


0.3158 










Psv 




360 




00 


11 


51 


6 


-30 


42 


51 


2 


19.03 




2.40 


0.3122 




2 


2±0 


3 


Psv 




327 




00 


11 


58 


2 


-30 


43 


05 


6 


19.39 




2.22 


0.3140 




3 


9±0 


5 


HDS 




339 




00 


11 


49 


2 


-30 


43 


33 


2 


19.60 




2.22 


0.3078 




3 


5±0 


5 


HDS 




244 




00 


11 


48 


7 


-30 


37 


57 


2 


17.95 




2.35 


0.2939 




1 


4±0 


3 


Psv 




350 




00 


11 


46 


7 


-30 


42 


56 





20.93 




2.20 


0.3129 




1 


3±0 


5 


Psv 




341 




00 


11 


47 


3 


-30 


43 


34 


3 


19.61 




2.41 


0.3035 


4.7±1.6 


2 


4±0 


3 


Sp 




286 




00 


11 


59 


1 


-30 


38 


00 


6 


19.03 




2.39 


0.3117 




3 


0±0 


3 


HDS 




97 




00 


11 


52 


8 


-30 


41 


34 


2 


20.42 




2.33 


0.3045 




4 


4±1 


2 


HDS 




130 




00 


11 


52 


8 


-30 


41 


38 


5 


19.41 




2.43 


0.3001 




2 


5±1 


7 


Psv 




340 




00 


11 


49 


2 


-30 


43 


37 


2 


20.02 




2.71 


0.3154 




2 


5±0 


5 


Psv 




216 


194 


00 


11 


40 


7 


-30 


38 


30 


1 


20.25 


17.74 


2.24 


0.6056 


21.8±4.0 


1 


7±0 


8 
























AC 114 - 


AAT/LDSS-1 














1.1066 


13 


89 


22 


56 


00 


6 


-35 


04 


06 


5 


19.74 


16.54 


2.11 


0.3091 




2 


1±0 


3 


Psv 


1.977 


8 


48 


22 


56 


00 


6 


-35 


04 


36 


6 


19.35 


16.07 


2.48 


0.3213 




1 


1±0 


2 


Psv 


1.1096 


34 


111 


22 


56 


00 


2 


-35 


03 


52 


7 


19.87 


16.54 


2.36 


0.3220 




1 


4±0 


3 


Psv 


2.805 


237 


183 


22 


55 


56 


8 


-35 


02 


43 


2 


20.04 


17.03 


2.20 


0.3023 










? 


1.1043 


10 


87 


22 


56 


01 


7 


-35 


04 


24 


2 


21.01 


17.35 


2.62 


0.3074 










Psv 


3.583 


190 


31 


22 


56 


05 


8 


-35 


04 


54 


9 


20.50 


17.37 


2.32 


0.3223 




3 


5±0 


5 


HDS 


1.717 


164 


18 


22 


56 


00 


2 


-35 


05 


14 


3 


20.42 


17.39 


2.55 


0.3148 










Psv 


1.1127 


92 


141 


22 


56 


02 


6 


-35 


03 


28 


6 


20.83 


17.43 


2.91 


0.3141 







3±0 


5 


Psv 



2 



TABLE 3— Continued 



EW(A3727) EW(H,5) Spectral 
HST CN B96 R.A.(1950) Decl.(1950) R K' B-R z (A) (A) Type 



1.762 


171 


7 


22 


56 


01 


9 


-35 


05 


28 


1 


20.67 


17.91 


2.14 


0.3241 






Psv 


1.903 


141 


68 


22 


55 


57 


9 


-35 


04 


19 


3 


20.41 


17.26 


2.40 


0.3254 






Psv 


2.940 


232 


193 


22 


55 


57 


6 


-35 


02 


33 


5 


19.37 


16.44 


2.34 


0.3150 




1.6±0.3 


Psv 


4.794 


253 


125 


22 


55 


53 


3 


-35 


03 


43 


8 


21.79 


17.78 


2.26 


0.3076 






? 


3.348 


504 




22 


56 


11 





-35 


06 


37 


5 


18.90 




2.20 


0.3122 




1.5±0.5 


Psv 


2.2008 


231 




22 


55 


57 


6 


-35 


02 


33 


5 


20.80 




2.23 


0.3290 




3.2±0.5 


HDS 




709 




22 


56 


00 


2 


-35 


00 


07 


7 


20.15 




2.34 


0.3253 




1.7±0.5 


Psv 




707 




22 


56 


02 


5 


-35 


00 


20 


2 


19.14 




2.14 


0.3187 






Psv 




723 




22 


55 


52 


8 


-35 


00 


41 





18.61 




2.41 


0.3181 




1.7±0.3 


Psv 




698 




22 


56 


06 


1 


-35 


00 


36 


7 


19.41 




2.14 


0.3243 




2.0±0.3 


Psv 




427 




22 


56 


04 


1 


-35 


07 


20 


9 


20.78 




2.04 


0.3256 




3.8±0.5 


HDS 




442 




22 


55 


58 


8 


-35 


06 


19 


5 


19.49 




2.33 


0.3081 






Psv 




75 


162 


22 


56 


05 


1 


-35 


03 


03 





19.70 


16.89 


2.02 


0.2073 




2.0±0.5 






663 




22 


55 


57 


6 


-35 


02 


29 


2 


22.08 




1.44 


0.3509 


31. Oil. 4 


5.3±1.5 






154 


2 


22 


56 


11 


5 


-35 


01 


49 


5 


21.31 


17.50 


2.44 


0.5974 


3.6±1.0 


0.7±1.0 






644 




22 


56 


05 


1 


-35 


01 


25 


4 


20.37 




1.99 


0.4119 


6.1±1.6 


3.8±0.5 


























AC 114 - 


NTT/EMMI 










1.503 


284 




22 


56 


00 


2 


-35 


05 


51 


7 


20.30 




2.36 


0.3049 




2.1±0.8 


Psv 


1.762 


171 


7 


22 


56 


01 


9 


-35 


05 


28 


1 


20.67 


17.91 


2.14 


0.3253 






? 


1.717 


164 


18 


22 


56 


00 


2 


-35 


05 


14 


3 


20.42 


17.39 


2.55 


0.3161 






Psv: 


1.588 


146 


33 


22 


55 


56 


8 


-35 


04 


53 


1 


19.98 


17.47 


1.42 


0.3013 


7.6±0.8 


7.8±0.5 


PSG(+cin) 


1.680 


143 




22 


55 


56 


5 


-35 


04 


36 


2 


20.31 


15.06 


1.67 


0.3115 




7.7±1.0 


PSG 


1.886 


140 


64 


22 


55 


58 


2 


-35 


04 


23 


4 


20.85 


17.75 


1.89 


0.3252 


7.8±1.0 




Sp: 


1.999 


40 


77 


22 


55 


59 


7 


-35 


04 


14 


7 


19.80 


16.69 


2.36 


0.3117 






Psv 


1.209 


24 


99 


22 


56 


03 


6 


-35 


04 


02 


1 


19.31 


16.14 


2.40 


0.3224 




2.5±0.5 


Psv 


1.1100 


35 


110 


22 


56 


00 


6 


-35 


03 


54 


9 


19.61 


16.47 


2.31 


0.3210 






Psv 


2.314 


119 


123 


22 


55 


55 


9 


-35 


03 


45 


8 


20.39 


17.17 


2.44 


0.3090 




5.2±1.2 


HDS: 


2.671 


111 


135 


22 


56 


00 


3 


-35 


03 


36 


3 


20.55 


17.09 


1.40 


0.3118 


38.5±1.5 




SB 


2.672 


lllA 




22 


56 


00 





-35 


03 


37 


1 


20.71 




2.34 


0.3157 






? 


2.1011 


91 


151 


22 


56 


02 


4 


-35 


03 


16 


5 


20.80 


17.54 


2.07 


0.3128 




4.5±1.5 


HDS: 


2.1089 


88 


159 


22 


56 


02 


8 


-35 


03 


07 


2 


19.07 


15.74 


2.27 


0.3204 






Psv 


4.1116 


241 


175 


22 


55 


55 


3 


-35 


02 


51 


6 


19.60 


16.91 


2.14 


0.3111 






Psv 


2.940 


232 


193 


22 


55 


57 


7 


-35 


02 


34 


1 


19.37 


16.44 


2.34 


0.3155 




4.3±1.2 


HDS: 


2.1046 


229 




22 


55 


58 


9 


-35 


02 


26 


8 


20.77 




2.36 


0.3071 






? 


4.738 


254 


114 


22 


55 


53 


4 


-35 


03 


55 


2 


20.09 


16.99 


1.99 


0.3084 




6.5±0.8 


PSG 


1.556 


297 




22 


56 


03 


6 


-35 


06 


20 


6 


21.54 




2.02 


0.3142 






? 


2.347 


117 




22 


55 


57 


7 


-35 


03 


59 


1 


21.49 




1.85 


0.3257 


23.2±2.3 




Sp: 


1.148 


32 


122 


22 


56 


01 


2 


-35 


03 


47 


7 


21.15 


17.93 


2.00 


0.3189 






? 


1.1126 


29 




22 


56 


03 


8 


-35 


03 


50 


4 


21.37 




2.59 


0.3315: 






? 


2.959 


64 




22 


56 


05 


2 


-35 


03 


56 


8 


22.55 




1.54 


0.5667 


48.1±1.9 






1.549 


168 




22 


56 


00 


4 


-35 


05 


43 


6 


20.11 




2.13 


0.5942 








2.428 


121 




22 


55 


55 


6 


-35 


03 


26 


7 


20.70 




1.77 


0.5025 


18.0±2.0 






2.269 


656 




22 


56 


01 


2 


-35 


01 


45 


4 


20.69 




2.17 


0.6352 


5.8±1.2 






1.262 


278 




22 


55 


58 


2 


-35 


06 


02 


4 


21.72 




3.20 


0.5155: 









'^U-I colors from B96 

3 



TABLE 4 

Morphological Classifications for AC 103, AC 118, AC 114 



> 
o 



> 



o 



X 



HST 


CN 




Yhst 


^702 


Hubble Type 


MDS 


Int/Merg/Sat 


Comments 












AC 103 








10 




1094.9 


11.7 


21.960 


SO 


2 






27 




336.1 


36.2 


20.504 


so/a 


2 






28 




697.8 


41.6 


22.441 


E 





T 




34 


318 


391.6 


28.1 


18.548 


E 





Sat 




36 




1312.3 


47.4 


22.096 


SO 


2 




close companion 


37 


327 


92.0 


41.5 


20.327 


SO 


2 






42 




1490.8 


37.3 


19.980 


Sc 


5 






46 


130 


993.6 


49.1 


19.215 


SO 


2 






55 




244.9 


33.4 


19.860 


E 









56 




238.4 


45.0 


21.001 


E 









57 




225.7 


43.0 


20.161 


Sbc 


3 




diffuse spiral structure 


58 




209.1 


65.4 


21.396 


E 









59 




213.4 


76.2 


20.932 


SO 


2 


t 




61 


131 


859.7 


85.2 


19.266 


SO 


2 


Sat 




62 


132 


695.6 


81.5 


19.342 


Sod 


5 


m,Sat(3) 




63 




1393.1 


88.8 


21.105 


Sc 


5 




bowed disk 


67 


321 


257.2 


93.5 


20.218 


SO/a 


2 






69 




342.0 


91.3 


18.981 


E 


1 






70 




559.7 


97.6 


20.763 


so/a 


2 






71 


134 


531.9 


97.8 


19.146 


Sa 


3 


T 


disturbed env 


74 




1225.7 


99.3 


18.637 


so 


2 


t 


debris 


77 




967.3 


127.1 


21.451 


Sdm 


5 


T 


bowed disk + tidal tail 


86 




1257.8 


142.2 


21.547 


comp 


-1 






87 




170.9 


140.7 


22.178 


E/SO 


1 






93 




303.8 


143.8 


21.778 


Sdm/Irr 


6 


I 




94 




299.3 


150.9 


22.146 


pec 


7 


I 


i/a with #93 


95 




503.7 


151.2 


22.428 


E 





t 


close compn + tidal tail 


96 


113 


1449.6 


140.9 


19.677 


SO 


2 






102 


135 


563.5 


166.6 


20.777 


E 









106 




505.5 


184.7 


22.355 


E/SO 


1 


t 


debris 


150 




65.2 


247.4 


20.998 


E 









153 


136 


642.9 


228.6 


18.456 


Sb 


3 




diffuse spiral arms 


158 




338.4 


271.4 


21.448 


comp 


-1 






173 




1078.3 


288.0 


22.040 


SO 


2 


t 


protrusion 


181 




1322.7 


298.5 


20.856 


E 





I 




182 




1335.2 


303.7 


22.319 


SO 


2 


I 


i/a with #181 


188 




528.8 


287.5 


21.972 


E 









189 




542.5 


307.4 


21.437 


Sdm/Irr 


6 






193 




46.3 


312.8 


19.894 


SO 


2 






197 




1104.0 


311.3 


22.010 


Sdm 


6 






201 




1086.4 


323.8 


21.895 


E 









208 




1367.7 


329.0 


22.290 


comp 


-1 






211 




1240.7 


305.5 


21.381 


Sc 


5 


i 




212 




1222.0 


321.2 


20.371 


Sc 


5 


i 


poss i/a with #211 


215 




951.7 


320.0 


20.912 


SBc 


5 




asym 


216 




931.4 


320.0 


20.864 


Scd 


5 







1 



TABLE 4 Continued 



HST 


CN 


^HST 


Yhst 


-R702 


Hubble Type 


MDS 


Int/Merg/Sat 


Comments 


994 






'^4'^ 1 

04:0 . ± 


90 41 1 




K 





Tinr'l 
LlUl llU.L/1 






7'^7 8 




99 1 '18 




_1 






9'^7 






OOU. 1 


91 97"^ 




K 











226.6 


396 6 


90 995 

ZU . Z 


so 


2 










696 1 


41 5 6 


22.218 




.1 






2fi7 




1 nnn 3 

±\J\J\J 


407 2 


22 323 

zz .OZO 


Sr 


K 












1 01 1 n 

±\j ± ± .yj 


412.7 


91 883 

z j_ .000 




I 








120 


1051 4 


437 8 


1 9 799 


SO 


2 






287 




3Q5 8 


453 3 


20 984 


E 


n 






291 




864 3 


467 8 


21.815 


Shr 




Sat 




308 




683.2 


494.2 


22.074 


Sc 


5 




VinwpH rl i 

L'xJWCLl LAIOJV 


KjKjyj 


68 


1 290 Q 


509 4 


1 8 947 


SO /a 


2 


Sat 








712.4 


565 6 


90 880 

zu. oou 


Sp 


c; 

(J 






"^■14 

(JtJ'± 




1476 Q 


573 5 


22.189 


Sh 


•i 








1 97 


1 1 Q7 9 


(JUO. -L 


91 n'^s 


sn/a 



z 














22.463 


so 


2 






366 




1334.5 


595.1 


21.493 


E 













364 7 


61 3 2 


21 066 

Z ± .\J\J\J 


SrH 


(J 










759 5 


698 9 


20.244 


SO 


2 




tlllL/JV LlloiV do^lll CllV 


3Q6 




1 383 6 


650 9 


21.961 




X 






414 




8Q0 


676 2 


21 698 


L/C 11 








421 




148.4 


674.4 


20.778 


Sdm 


5 






499 




1 079 fi 


fi88 n 


91 '^(\^ 


11; 


n 


Sat 










fiQ4 fi 


99 1 14 


Irr 


R 
u 






443 




1 87 


71 9 9 


21.644 


TM / 1 VT" 
kJLliil/ 111 


6 




H 1 Q'J'I IT* r\ aH 








777 4 


99 "^Q"? 


L-UllljJ 


1 






478 






787 9 

1 O 1 .z 


21 605 


Shr 




Sat('2') t 


KXKj UL lo 


492 




1072.8 


807.4 


21.056 


comp 


-1 






tJWW 




1 nQ9 Q 


817^ 
o ± / .o 


99 9Q9 


All 


n 






11(17 

1 




899 7 


8*^9 <^ 


91 09"^ 


p,/sn 


1 

± 


1 








831 5 


841 7 


91 583 


E 


n 


j 




^99 


49 


1014.1 


903 


90 008 


Sp 


<J 




LlliD U U.1 L/CLl 


"iSO 


12 


1285 5 


876 5 


19.225 


Shp 


Q 




0^11 di dim LiiiDtui tCLi uy 


rJO J- 


1 3 


1246.3 


905 6 


1 9 909 


SO 


2 










865 7 


916 


20.421 


so 


2 










o ±o.o 


Q9Q ^ 




pec 


7 




a\rw\ (TP ■J'fiH T^r^GCJ ICi'i' 
t?lUllgdtt?U.j ^Uoo Jet 


547 


47 


1094.4 


947.9 


20.964 


E 







shell 






1162.2 


976 3 


99 033 


E 


n 






(JUL/ 




1 1 89 8 

J- ±0t7.0 


996 2 


21.184 


L/C 111^ 


.1 






OoO 




IZDO.O 


lUDz.o 


on 701 

zU. / Zi 


F 


u 






591 




1083.8 


1088.9 


21.754 


E 









593 


15 


1128.8 


1090.1 


19.579 


E 









594 




1173.0 


1117.5 


21.945 


Scd 


5 


m 


elongated disk 


595 




1307.9 


1114.3 


19.934 


SO 


2 






599 




1443.0 


1125.2 


22.260 


Sdm/Irr 


6 




V. distorted 


603 




1116.7 


1137.8 


20.939 


Scd 


5 






614 


17 


1219.4 


1172.0 


19.668 


SO 


2 


T 


debris 


621 




1221.9 


1201.8 


21.219 


E 










2 



TABLE 4 Continued 



HST 


CN 




Yhst 


-R702 


Hubble Type 


MDS 


Int/Merg/Sat 


Comments 




9n 




1 1 R'^ 4 

L LOO 






9 


T Sat 


•1 




9 


1 9QQ 4 


1 1 sn 4 


1 8 '^8fi 


F, 


n 
u 


t Sat 


\X\i Ul lO 






19Q9 fi 


1 90"^ 7 


9n 1 0"^ 


Sab 


Q 











Q7Q fi 


191'^^ 


9n 8^4 


j_j 


n 
u 


f 


U-C Ul lo 


631 




896.3 


1200.8 


21.484 


E 





M 








1 267 Q 


1 237 3 


21.147 




c; 

U 










801 7 


1248.8 


90 946 




n 






642 




959.9 


1264.1 


21.891 




4 




V • CLo V 1J.1 






78Q 3 


1 280 7 


22.485 


E 


n 

U 








21 


1 391 fi 


1 987 Q 


90 551 


SO 


\ 






653 


1 


1204.6 


1274.5 


18.058 


Sab 


3 






6^14 

\JOrt 


6^1 


1270.2 


1 2Q5 3 


19 907 


Sbp 


Q 






uuo 




1 "^07 Q 


1 "^"^^ fi 


99 d'^f) 


^Hm /Ttt 
kJU-lli/ 111 


u 






U / Zi 


99 






1 Q fi49 


SO 


9 

Zi 












1401 7 


91 ^9Q 


sn 


9 
z 










1434.1 


1 4-fi^ Q 


21.852 










9nm 




1 03 8 


601 


91 747 














QQ 3 


496 2 


19 396 


E 


n 

U 










977 S 




99 4^0 


F,/sn 


1 
± 






2010 




662.5 


373.2 


20.969 


so/a 


2 






2011 


139 


668.4 


401.2 


20.401 


Sc 


5 






2012 




681.4 


404.9 


21.342 


SO 


2 






2013 




683.3 


418.4 


22.448 


E 









inn 

±U J. J. 




4Sfi 7 


789 n 




Sb 

u 


Q 







1 m s 

1 U 1 o 




9 


899 A 


9n 489 




n 
u 






1 n9n 




^^1 


849 8 


9n 49"^ 


OLllli 


fi 
u 


m 








435 7 


906 4 


22.427 


c 




4 






10*^7 

J-UO 1 




575 7 

(J 1 (J. J 


928 6 


21.130 


SO 

OU 


2 
















kC. 118 








21 


57 


61 5 3 


93 8 


90 630 


SO 

OU 


2 






2fi 




1 34 3 


98 Q 


20 986 


so 

OU 


2 






9Q 




14Q7 7 




91 7^9 

Z ± . I rJZ 


111 


n 

u 






O J- 






115.2 


21.884 


E 


n 

U 






34 


62 


QQ1 7 

t/t/ J- • 1 


101 Q 


IS 935 


SO 

OU 


2 










1210.2 


120.4 


20.944 


E 


n 

U 






37 


47 


743.9 


219.1 


20.940 


SO 


2 






43 


54 


476 6 


1 30 7 


20 403 


E 








00 




/1 1 7 


140.4 


on Q/1 /I 

zU.o44 


Qn 









61 


63 


1166.8 


141.1 


19.653 


SO 


2 






78 


104 


115.1 


163.7 


20.124 


Sbc 


3 


M 




79 




116.0 


175.4 


19.783 


Sab 


3 


M 


merging with #78 


84 




1176.6 


192.9 


22.184 


E/SO 


1 


t 


tidal debris? 


88 




167.7 


203.1 


21.247 


E 









99 


2 


593.8 


166.8 


18.302 


E 





Sat(2) 




100 




573.2 


205.7 


19.139 


E 









111 




711.0 


239.8 


22.140 


E 










3 



TABLE 4 Continued 



HST 


CN 




Yhst 


-R702 


Hubble Type 


MDS 


Int/Merg/Sat 


Comments 


120 




1516.8 


225.1 


20.875 


SO 


2 






121 




1 51 8 8 


251 8 

Zi(j X .0 


20 693 


SO 


2 






132 




487 1 

'iO ( • J- 


283 3 


22 093 


E 


f) 

U 






LOU 




7Q7 ^ 


9Sfi ^ 


91 "^1 

Zi ± . -L 




9 

Zr 






143 




1460.8 


278.8 


20.157 


Scd 


5 




cLSym. 


144 




81 4 8 


305 8 


21 674 

Zi J. .U ( 4: 


E 


u 






1 47 




1 56 8 




90 470 


SO 


2 






148 




181 5 


309 


1 9 958 


SO 


2 






1 fil 

-LUX 




6Q2 8 


320 7 


21 739 

Zl ± . ( Oe? 


E 


n 

u 




l./UiiiJJCH./ 1 


167 


45 


996.9 


315.8 


19.315 


E 





I 




± (JO 




988 ^ 


321 


20 98'i 




_i 










rtOO.O 


■^48 7 


90 R^ ^ 

ZiW.O -Lo 


sn 


9 








oyj 




ou 1 .0 


1 Q fi'^4 

± 'J . U04: 








V\T*i CP rT^ p<Tm x\ m 1 r*l 


21 7 




91 Q fi 


408.4 


91 SQ"^ 

Zi J. .0(1/0 


E 


u 


i/t 










■^Ql A 

oy J. .rt 


-L e7.o ( -L 


sn 


9 

Zr 






226 




231.1 


431 8 


91 7Q4 


so 


2 






229 




806 1 


437 6 

4:0 t .\J 


20 909 

Zf W . t/tJZi 


Sfl 









231 




843 5 


428 5 


22.064 


SHm /Trr 

kJLllil / -Li L 


u 






232 




962 6 


432.2 


21.661 


SO 


2 


j 










494 ^ 


1 Q Q41 


so 


9 












443 9 


21 988 

Zi ± .i700 


E 


f) 

U 






236 


1 


741.4 


391.7 


18.334 


E 





Sat 


QnflTTi Pn (TO l"n ott^t' 


237 




726 1 


422.8 


1 9 734 

i-iJ . 1 04: 


SO 


2 




in PTi'\7 r^T =tt:9'^fi 

iii CiiV UL -fj-LitJKj 


238 




694 3 


362 1 


20 1 55 

ZiVj. ±00 


Sa 

Oct 








940 






49S 


1 Q R^R 

i-tj .000 


0-L>(XU 


Q 







249 




fifi4 Q 


44Q 


90 09"^ 


SO /a 

OVJ / CX 


2 


T 








462 


460 6 


21 563 

Z(± .ouo 


SHm /Trr 

OLliii / -LL L 


U 






271 

Z; f J. 




971 8 


468 3 

4:UO .0 


21.461 


Sfl 

OOj 


■? 






H i Q'J'i IT* npH 


280 




859 4 


470 1 

4: ( U. J. 


1 9 833 

J- 1?.000 


E 


f) 

u 






9Q9 






t^07 1 

0\J t . -L 


91 Q4Q 


comp 


_1 






2Qfi 




747 


^0^ 7 


21.145 








niipl HTisrflfT f 

iiUL-i LlWdLL. 


2Q8 




261 9 


51 3 5 


21.252 


ou / Cl 


2 






302 


43 


1082.1 


511.4 


19.439 


so 


2 


T 


■^ViipV HiciV 


31 1 

-L -L 




951 9 


538 9 


90 349 

ZV7. 04:^7 


so /a 

OU / d 


2 


j 




32Q 




743 1 

1 4:0. J- 


596 1 


1 9 907 


E 


n 

u 






33'S 


35 


643 1 


528 7 


1 9 81 7 


SO 

ou 


2 


I 




336 


34 


653 8 


568 2 


1 9 668 


so 

ou 


2 


J 


i/a with 1^335 

1.1 CX WILLI -fj-KJKjO 


337 


68 


676 8 


522.1 


1 9 076 


E 


n 

U 


Sat 




372 


q 


735 4 


609 9 


1 8 937 


E 


n 

U 




zMiV)^ in pnv 

■ff-fj^ij 111 CLIV 


0(0 




( 0. ( 


DoU.Z 




OCU 









374 




857.0 


641.3 


20.465 


so/a 


2 


T 




380 




933.1 


645.2 


20.598 


E/SO 


1 


t,Sat 


debris 


384 




739.9 


661.4 


20.772 


SO 


2 






386 




493.1 


672.1 


21.786 


comp 


-1 






391 


4 


430.2 


658.0 


18.531 


E 









404 




453.6 


691.5 


21.797 


SO 


2 






405 




440.6 


703.4 


20.834 


E/SO 


1 






407 




563.9 


704.3 


20.149 


E 










4 



TABLE 4 Continued 



HST 


CN 


'X-HST 


Yhst 


-R702 


Hubble Type 


MDS 


Int/Merg/Sat 


Comments 






479 1^ 


71 1 Q 


91 8fi8 




9 


f 
t 


U-C ui 10 


41 n 




LOO ^.o 


71 9 1 


91 800 


i-t j ou 


1 
± 






41 1 




878 7 


7(17 Q 


9n 84n 


OU 


9 






416 


K 
o 


95fi 5 


709 5 


1 8 799 












98 


85*^ 6 


755 6 


1 9 847 




Q 


m 


H 1 Q'I'i IT n 
u.iouu.i yjx^KX 


439 




367.4 


764.0 


22.184 


E/SO 


1 






440 




41 8 6 


749 6 

I 40* . U 


90 145 

Z U . -L 4 tJ 




2 






441 




391.7 


761.2 


20.773 


SO 


2 






442 


11 


58Q Q 


751 8 


19 3fi3 


so 


2 






451 




287.0 


769.9 


20.640 


so 


2 






471 




1393.7 


800.9 


20.677 


Sa 


3 


HI 




480 




Q26 6 


81 fi 


21.832 


E/SO 


I 






4:04: 








9n 070 

ZU .U ( 


so 


9 






4Q9 


1 9 




OO 1 .(J 


1 Q 770 




1 


T 




493 




707.6 


842.0 


20.997 


SO 


2 






504 




1 344 5 

_L 04:4:. 


854 8 


21.826 


E/SO 

i—i 1 OU 








521 




1492.9 


900.2 


21.344 


Sc 


5 






522 




8QQ 8 


Q01 4 


21 037 

Zi J. . C'O 1 


SHm /Trr 


U 


I 








Q1 4 
y ±4. u 


009 9 


91 090 
Zi ± .uzu 


F, 





T 

i. 


1/ d. Wltll ^^UZrZr 




79 


1 9Q9 7 


Q1 9 Q 


1 Q 9Q^ 


SO 

ou 


9 

Zi 


T 

± 




545 




1311.1 




1Q Q44 


so 

ou 


2 






54fi 




1 065 


959 8 


21.123 


so 

ou 


2 






547 




1 059 


965 9 


90 758 


SO/fl 


2 




JJUiDO 1/ d Witli -f-f-\J'-k\J 




7Q 


1 1fi^ 9 


Qfil 7 


-Ly .UUrt 


sn 

OU 


9 






00\J 




1 071 


QQO ^ 


91 OQfi 


OdU 


Q 




do^ Hi 








QQR 




so 

ou 


9 










1 1QQ 


inns 1 

J-UUO. J- 


21.212 


E 


n 

U 










1 1 7Q 7 


1 04"^ 

1 U4:0 .U 


90 fi9)^ 

ZiU .uzo 


Shr 


Q 



HI 


U.10HJ1 tcu. 


<j 1 yj 


8"^ 


1 090 (\ 


1 04^^ Q 


1 9 1 64 


Sflh 






Tin O" 

img 








J-UU J. J. 


9n 97fi 


SRrrl 

OJJL/U. 


u 


T 

± 








889 n 


1 1 no 7 


91 8'^7 


1-// ou 


1 

± 






(J (1/4; 




1121.5 


1118.2 


21.092 


so 

ou 


2 


t 

t 


Hp nviQ 
Lie ui 10 


596 




1296.3 


1108.0 


20 320 


so 


2 






5Q7 




1312.4 


1123.4 


21.825 


E 




u 










Q1 8 7 


1 1 89 1 


91 n'i9 


Sa 













SQS 8 


1 9ni 7 


99 047 


sn 

OU 


9 

Zi 






645 




971.2 


1224.1 


22 202 


E/SO 


1 






646 




Q8Q 5 


1224.8 


91 870 

Zj ± .0 1 C7 


Sr 

Ot> 


u 






647 




1 55Q fi 


1 237 fi 


20 453 


SHm 


(J 




U.lotUl tCLl 


DOD 




1 /ion 




on /I Q7 




Q 


m 


faint tidal arms? 


657 




1066.3 


1278.8 


22.180 


so/a 


2 






658 




1021.1 


1252.8 


20.921 


SO 


2 






659 


175 


966.1 


1276.6 


19.451 


so/a 


2 




thick disk 


665 




1208.1 


1299.5 


20.744 


E 









670 


75 


1102.6 


1298.8 


20.832 


Sab 


3 




asym 


679 




1525.3 


1325.2 


20.484 


E 





t 


debris 


681 


171 


1438.8 


1315.7 


18.944 


Sb 


3 




asym 


699 




1480.8 


1381.0 


21.771 


GL 


7 







5 



TABLE A— Continued 



HST CN XHST YHST -R702 Hubble Type MDS Int/Merg/Sat Comments 



712 


170 


1406 


2 


1405 





713 




1406 


8 


1438 


3 


716 




1183 


2 


1434 


7 


730 




1202 


8 


1481 


3 


744 




1/83 





1511 


A 

4 


751 




1479 


9 


1576 





753 


169 


1332 


2 


1527 


5 


763 


166 


1069 


4 


1590 


6 


767 


165 


874 


5 


1570 


6 


768 


182 


1540 


2 


1567 


4 


772 




1189 





1600 


9 


2006 




581 


6 


761 


2 


1007 




693 


2 


860 


8 


1023 




599 


9 


929 


7 


1028 




734 


8 


962 


1 


1033 




690 


6 


989 


8 


1034 


22 


521 


6 


1003 





1036 




590 


3 


1017 


9 


1.131 




1208 


4 


1251 


9 


1.133 




1221 





1248 


2 


1.140 




1349 


3 


1256 





1.143 




833 





1268 


2 


1.147 


22 


959 


6 


1263 


5 


1.148 


32 


1390 


9 


1268 


2 


1.155 




1194 


3 


1299 


8 


1.157 




1236 


5 


1218 





1.165 




763 





1288 


7 


1.175 




1055 


2 


1325 


2 


1.187 




1 AO C 

1025 


7 


1406 


2 


1.188 




1495 


1 


1473 


9 


1.191 




1124 


1 


1361 


8 


1.199 




877 





1363 


4 


1.209 


24 


1076 


3 


1376 


5 


1.212 




1295 


3 


1411 


7 


1.220 


858 


1472 


9 


1423 





1.222 




954 





1409 


8 


1.237 


26 


958 


8 


1430 





1.247 




37 


2 


18 


1 


1.252 




1498 


4 


20 


9 


1.254 




1402 


7 


22 


9 


1.258 




1305 


6 


30 


2 


1.262 


278 


694 


2 


34 


7 


1.277 




835 


8 


52 





1.281 




1132 


7 


57 


1 


1.284 




678 


4 


63 


9 



OA A 1 


on 

SO 


2 


00 ATT 

22.077 


on 

SO 


2 


OA 1 OA 

20.180 


Sa 




zl.o / 


bu/a 



2 




oijU 



Z 


01 ceo 

21.653 


bj/bu 


1 


1 r'AT 

18.697 


Sbc 




3 


18.915 


so/a 


2 


19.923 


SBO 


2 


20.039 


Sa 


3 


19.003 


SO 


2 


OA C\<7C\ 


Ej 


A 

u 


zl.OOo 






z 


OA OA A 

20.294 


so/a 


2 


on i^fi. 


TP /Qn 

Hi/oU 


i 


OA OCT 

zU.oo i 


orJCQ 


c 




1 A A C 

21.005 


hi 


1 


01 AAO 

21.098 


Sbc 



6 




AC 114 




00 7Qn 


-Cj/ oU 


1 
1 


00 /1 1 n 
zz. 4iy 


TP /Qn 


1 
i 


OA ACT 

20.957 


SO 


2 


00 010 
11.111 


TP /cn 
E/SO 


1 


1 A Q C 1 

iy.oOi 


pec 


Q 


01 '\ AC\ 

21.149 


t, 





01 AG 

21.845 




7 


00 OAT 

22.207 


T 


7 


00 coo 

22.o2t3 


Sa 




01 Qp;o 

Zi.oOZ 


rj 


A 
U 


00 Qcn 

zz. you 


TP /Qn 


1 
i 


01 A1 T 

21.917 


on 

so/a 


2 


OA TTO 

20.772 







21.622 


E 





iy.ouo 


Qn la 

&U/a 


z 


00 nop^ 
zz.uzo 


TP 

Ej 


n 

U 


lo.yo^t 


TP 


n 
u 


20.290 


so 


2 


19.040 


E 





20.981 


comp 


-1 


22.560 


comp 


-1 


21.740 


Sc 


5 


22.181 


Irr 


6 


21.723 


SO 


2 


22.968 


Sdm/Irr 


6 


22.889 


so/a 


2 


22.533 


E/SO 


1 



I 

asym 



T 

M 

lenscd image 
lensed image 

t possible shell 

t tidal tail or grav arc 

t tidal tail or grav arc 
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TABLE A— Continued 



HST 


CN 




Yhst 


-R702 


Hubble Type 


MD 






14 7 


74 1 


99 909 

Zf Zf . ZiOZi 


s 


4 






1 04 8 


88 5 
oo.o 


22.472 


kJdU 





J- .OUU 




1126.2 


91 8 

t7 J- .O 


22 375 






1 '^fl7 

J- . KjyJ 1 




1 0QO 9 


87 4 


22.864 


Sah 





1.312 




671 

U J -L . U 


93 7 


22.133 







1.315 




278.3 


88.3 


20.771 


Sc 


5 




1 55 

-LOO 


q47 9 


91 5 

i? J- . O 


1 9 889 

J- . OOty 


Sh 


4 


-L . iJiJU 




310 5 

O J-U . o 


109 5 


22.449 


so 


2 


1 331 

J- .00 J- 




324 8 


116.1 


22 909 


so /a 


2 


1.347 




584.4 


138.3 


22.347 


so/a 


2 


J- . 0<J<J 




1440.6 


1 43 fi 


99 893 

Zf Zf . l/O 


TTl / 1 W 
kJLlili/ Xi 1 


R 
u 


J- .ouo 




700 2 


163 5 


22 953 

ZiZi . t700 


SHm /Trr 


fi 




1 "^70 
± . o 1 y 




80"^ 7 


1 fi8 Q 


99 949 




n 


-L . OO / 




1 908 fi 




99 0*^0 




1 

J. 


J- .Ot/t/ 




1294.3 


182.1 


20 845 







1.410 




957 Q 

Z(0 ( . ty 


1 88 fi 


1 9 843 

J- iJ . 04:0 


Sb 


4 


1.440 




1 499 9 


943 3 


22.732 







1.443 




528 4 


242.7 


22.664 


SO /a 


2 


1 47'i 




300 3 

OVJVJ . o 


971 5 


22.434 


in / 1 TV 


fi 


1 480 




901 8 


971 3 

Zi i ± .O 


91 87'i 

ill J. .0 i 


Sdm 





1.488 




641.9 


273.6 


20 662 

.00^ 


Sb 


4 


1 'i03 

-L . 0\J0 


284 


548 


292.3 


90 304 

Z(0. 004: 


so 


2 






355 8 


307 8 

OO f .o 


99 069 


F,/SO 




J. .OUt/ 




OtO. -L 


•^10 

O -LU.U 


99 noj^ 


SrH 




1.511 






O -L 0.4: 


99 399 


Sah 


■i 




± .ooo 




470 

'-±1 


^^^4 Q 


91 fiT'i 




9 

Zi 


J- .oou 




oo*±.'± 


•^c;q q 

OOt7. t7 


22 709 


so /a 


2 


1 545 




59 8 


367 3 

OO 1 .o 


99 877 

Z(Z( . 1 1 


so /a 

kJO / d 


2 


1 54Q 




fiS3 9 


364 8 


90 108 

ZiO. xoo 






-L .ooU 


9Q7 


f^Q 9 


■^70 7 


91 t^41 


F, 


n 

u 






± ^04:.0 


'^QO 7 

Oc/U. ( 


91 fil 


OdU 


Q 


-L . (JOU 


1 

J-OtJ 


1023.2 


O f o.o 


1 8 341 


Sa 

Od 





1.588 


146 


1314.6 


419.4 


19.976 


so/a 


2 


1 5Q4 




1 073 4 

-LU 1 O.^ 


436 9 


21.448 


SO 


2 






77Q 


4fi0 9 


99 ni 8 






J. .uoo 




OO 1 .u 


4fiQ ^ 


^u. 1 00 


so 


9 


1.642 




ouo . ly 


4^^9 


99 075 

zz . 1 




8 




1 fi55 

J- .UOO 




647 5 


494.4 


90 4'i3 

Z(0.4:00 


Sah 


•i 




1.659 




511.1 


496.4 


21.468 


Scd 


5 


1.676 




148.6 


502.2 


21.810 


E 





1.677 




128.2 


514.2 


20.755 


so/a 


2 


1.680 


143 


1462.0 


513.7 


20.309 


Sbc 


4 


1.685 


161 


978.3 


525.6 


20.543 


Scd 


5 


1.694 




1054.5 


546.5 


22.086 


E 





1.707 




183.3 


554.7 


21.217 


E 





1.717 


164 


855.8 


563.6 


20.417 


E 


1 


1.719 




927.0 


574.5 


22.313 


E/SO 


1 


1.731 




1159.0 


583.1 


21.900 


comp 


-1 



Comments 



asym 

close companion 



M 



possible arc 



slightly warped disk 



M 



disturbed 



asym 
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TABLE 4 Continued 



HST 


CN 




Yhst 


^702 


Hubble Type 


MDS 


Int/Merg/Sat 


Comments 


1 7^7 




1051.2 


591 3 


91 787 




■? 

O 




ojO y ill 


±. 1 oo 




77Q 1 


^Q4 7 


99 Q47 




7 














22 979 




c; 

o 




dO J' 111 




1 71 


608 n 


607 1 

KJyJ 1 . -L 


90 666 


SRh 


4 




nio'nl'\7' Hicil'rwI'fiH 

illglll^ U.liDtUl tCU. 






56Q fi 


641 8 


91 556 




O 






1.799 




842.0 


663.5 


21.492 


E/SO 


1 










49(1 4 


fi81 


99 71 n 


o u 


4: 








1 7fi 




679 8 


1 9 705 


SO /a 


2 




JJUOiDi UlC UUlilJJdiliUli 


1.822 




489.0 


687.0 


21.408 


E/SO 


1 






1.832 




138.1 


669.4 


20.194 


Sbc 


4 






1.839 




885.9 


704.7 


22 886 


E/SO 


1 












71 2 7 


22 760 

^Zi. 1 \J\J 


E/SO 

Xj / 








1 874 

J- .O ( 4: 




42fi 7 


736 1 


22.934 


Sah 


O 






± .00\J 


140 

J.'XW 


140*^ 


749 


90 84Q 


SO 


9 

Zi 




3iSyiii 




141 

j-t J. 


144*^ Q 


7^=19 


9n 4.(17 


sn 

OU 


9 
z 






1.913 




1068.0 


773.7 


22 923 


Irr 


6 


m 




1.919 




1190.1 


764.1 


22.452 


E/SO 


1 


I 








1 1 8fi Q 

J- ±0(J. t/ 


773 3 


22 030 


E/SO 

Xj / OU 




I 


in1'AT*Eir'1'in cr Tisril'n 1 Q1 Q 

llltCldt/tlllg Wltll X.£7X£7 






7fi0 9 


SI ^ 


99 78"^ 


Xj / OU 


1 






1.945 


139 


1352.4 


827.5 


20.430 


Sa 


3 






1.952 




1414.6 


863.2 


21.948 


comp 


_! 






1.959 




1356.4 


873.5 


21.738 


so 


2 






1 Qfl4 




1 99Q 9 


88"? ^ 


99 (\^') 


vjrj_; 


7 




icllocU. llild^t; 


1 Qfi5 

J- • iJ\JO 






883 fi 


22.845 


SHm /Trr 

OLllil / XI 1 


u 






1 QfiQ 




Q69 1 


909 7 


91 935 

£j X . tyOO 


E/SO 

Xj / OU 


X 






1.970 




929.5 


902.7 


22 920 


E/SO 


1 






1 Q72 




1221.3 


Q03 7 


21 170 

Zi X . X %\j 


SO 

OU 


2 










sn7 


SQ^ Q 


91 4*^9 


Xj 


n 


1 


do J/ 111 tJll V clU JJc 


1 Q74 




891 R 


QO"^ 7 


99 "^49 


Xj/ OU 


1 

± 






1 Q77 

J- . t7 1 1 


8 

o 


1 092 


874 


1 9 34fi 


,SO/a 

OU / d 


2 






1- ..J i o 




1 07^ 4 


QOQ 


99 000 


om 


(J 














22.021 


E/SO 

Xj / OU 


X 






1 QQQ 


40 




942.2 


1 9 79fi 


SO /a 

OU / d 


2 






1 1007 




988 8 


963 8 


21.229 


E/SO 

Xj / OU 


X 






1 1091 




1 9^9 


QQ9 


91 1 Qfi 


SO 









i. . i.yj'-to 


1 

-LU 


1 Of^^ 7 


1 04 


91 ni 9 


E 

XL/ 


1 
± 






1.1048 




1281.2 


1054.1 


21.991 


E 









1 1 051 




1910 7 

J. Zi J. W. f 


1 0fiO 9 

i.\j\J\J .tJ 


22.940 


(-.UilijJ 


.X 








2 


1 S52 Q 


1 0fiS 3 


1 9 085 


E 


n 

U 






i. iUDD 




1 007 


lUoy.o 


ly. / OD 


Qn 

oU 









1.1067 




1262.3 


1102.5 


21.187 


E 









1.1070 




1153.9 


1047.2 


18.571 


E 









1.1071 


6 


1166.1 


1085.6 


19.219 


E 





Sat 




1.1072 




1174.9 


1113.3 


20.813 


E 









1.1085 




1243.9 


1127.7 


22.632 


comp 


-1 






1.1086 




1234.3 


1137.2 


22.124 


S 


4 






1.1089 


1 


1139.8 


1159.5 


18.066 


cD 





Sat (4) 




1.1095 




1421.5 


1111.6 


22.525 


E 
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TABLE 4 Continued 



HST 


CN 


'X-HST 


Yhst 


-R702 


Hubble Type 


MDS 


Int/Merg/Sat Comments 


1 1 DQfi 


■^4 


1441.3 


1143.1 


1 9 867 


SO 


2 




J. . ±Ut/0 




1 (199 Q 


1 1 7q ^ 


91 '^IR 


OU / d 







1 1 inn 

J. . J. J.UU 






1 1 ^^8 "? 




sn 

OU 


1 
± 


T Sat 

X ;Odt 






1 nQ9 ^ 


1 T^q 

L LOU .O 


1 Q 7^R 


OdU 


Q 





1.1113 




1075.6 


1197.9 


22.201 


s 


4 




1.1124 




957.4 


1222.3 


21.908 


E/SO 


1 




1.1126 


9Q 


1 1 48 ^ 


1 469 fi 


21.445 


E 


n 

u 




1.1127 


92 


1395.6 


1529.9 


20 829 


so/a 


2 




1.1017 




676.6 


836.7 


20.440 


so/a 


2 




1.1024 




418.8 


901.7 


21.333 


SO 


2 




1.1026 


1 87 


48Q 3 


8Q4 9 


1 9 467 

l.iJ .'-k\J 1 


SO 

OU 


2 




1 1027 




431.4 


Q31 6 

t/O J- .U 


22 Q73 




7 


H i TTl 1 Q A 


1 1 n'^7 

J- . -LUO 1 




414.1 


964 7 


91 379 


J-J / OU 


X 




1.1044 




^9fi 5 


999 3 


91 790 

z ± . 1 yw 




U 




1 9nn9 




1 1 7Q 9 




91 7f^n 


comp 


_1 

X 




1.2011 






308 7 


99 fiOfi 

ZZ . 


^Htti /Ttt* 

OLlili/ XI 1 


u 


T 


1.2018 




1112.6 


1 1 59 8 


90 532 

Z\J . tJOZ 


SO 

OU 


2 




2.156 




824.0 


54.4 


22 899 


Sab 


3 








1480 8 


96 7 


22.426 


Sp 

Ot/ 


c; 

U 


Ivl TTlAVO'lTlcr T^fni" CiT Qmv?! Q 
±VX lilCi^ili^ ^dll Ui iDjJii diiD 


2.171 




873.0 


1208.3 


22.403 


Scd 


5 


ICIJ-DCU. 


2.177 




1227.5 


1183.1 


21.675 


comp 


_1 








SIT? Q 


1 1 on 4 


90 "iRQ 


SRfl 

J_>VJ 







9 1S7 




898 A 


1 91 ■? 1 


9n 44 ■? 




Q 



Sat 

Odt 


2.222 




Q37 6 


1 975 1 


99 983 

ZZ . ZOO 




n 

u 


t fj^il 

L Ldii 


2.259 




1436 3 


1 378 9 


90 507 


J—/ / OU 


X 


1 iwAcr rr^T'P 
1 11 1 t-Ul c 


2.269 


656 


1480.4 


1374.7 


20 688 

ZU . LIOO 


Sc 


5 


u lllglll V do V 111 


9 987 




871 fi 

O ( J- . u 


1 '?Qfi "? 

1 oy u .o 


1 Q 890 


OL- 




U-lllUotJ Lllolv, l^lUotJ t/Ulll^ 


2.288 




1204.5 


1419.4 


22.449 


TTl / 1 VP 
OLlili/ XI 1 


6 

U 




9 9Qn 




8Q1 4 


i4n *? 


99 48*? 


Sfl /a 

OU / d 


9 
z 








1 oqq 4 


1458.4 


21.253 


Odu 


Q 




2.314 




1 098 7 


42.3 


90 387 


Sa 

Od 


Q 




2.322 




1246.6 


1 538 1 

-LUOO. J- 


22 597 


R/SO 

X_i / OU 






9 '^'^4 


1 1 5 


887 q 


1 07 9 


90 889 


so /a 

OU / d 


2 


I 




1 1 7 


894 


1 o.u 


91 400 


Sbr 


Q 



do J 111 










91 "^fiO 


F, 

XJ 


n 
u 




9 "^^(S 

.00\J 




1126.4 


101 7 


99 fiQ7 


F/SO 

Xj / OU 


X 




ill .00 ± 




787 3 


121.2 


22.542 


Sb 

u 


Q 




2.428 


121 


1268.2 


14Q 7 


20 698 




u 


q1 P QlT'TTl 
Ol • dO^ 111 


Z.40U 




olo.l 




ZZ. ( oy 


oD 


Q 




2.461 




1483.5 


197.1 


21.319 


Irr 


6 


M 


2.529 




1498.6 


271.6 


22.183 


SO: 


2 


fault 


2.542 




801.3 


293.3 


22.196 


E 







2.582 




1178.3 


343.2 


22.013 


SO 


2 




2.591 




1038.3 


353.7 


22.366 


Sc 


5 




2.601 




1474.0 


343.5 


20.639 


SO 


2 




2.605 




873.8 


368.0 


22.887 


Sab 


3 




2.606 




1266.7 


352.9 


22.687 


Irr 


6 


diffuse 



9 



TABLE 4 Continued 



HST 


CN 




JHST 




Hubble Type 


MDS 


Int/Merg/Sat 


Comments 


2.614 




1215.7 


369.5 


22.846 


Irr 


6 




diffuse 


2.621 




818.6 


384.7 


21.762 


Sa 


3 






2.647 




1043.7 


391.6 


21.014 


so/a 


2 






2.653 


105 


938.5 


396.0 


20.358 


Sa 


3 


I 




2.654 




926.8 


407.0 


20.466 


SO 


2 


I 


i/a with 2.653 


2.671 


111 


784.3 


486.0 


20.553 


Sdm/Irr 


6 


I 




2.672 


lllA 


792.6 


499.9 


20.710 


SO 


2 


I 


i/a with 2.671 


2.688 




1367.1 


439.9 


20.678 


Scd 


5 






2.691 




1173.1 


460.4 


22.049 


comp 


-1 






2.741 


5 


819.1 


472.6 


19.029 


SO 


2 






2.764 




911.5 


519.5 


20.030 


E/SO 


1 






2.787 




979.8 


554.3 


21.618 


Sdm 


5 




diffuse 


2.796 




749.6 


568.0 


22.918 


Sab 


3 




V. diffuse 


2.805 


237 


1468.2 


545.8 


20.043 


Sab 


3 






2.806 




1479.8 


576.3 


22.160 


Sab 


3 






2.809 




1198.5 


582.6 


22.815 


Sdm/Irr 


6 






2.821 




1337.9 


587.9 


22.284 


Sdm/Irr 


6 






2.856 




788.2 


629.0 


20.522 


SO/a 


2 






2.865 




1408.3 


646.5 


22.808 


Irr 


6 






2.878 




1069.0 


647.5 


22.487 


Sa 


3 


I 




2.879 




1075.8 


662.2 


22.083 


Sa 


3 


I 


i/a with 2.878 


2.886 




823.9 


677.9 


22.157 


Sab 


3 




asym 


2.893 




1147.8 


682.8 


20.215 


E/SO 


1 






2.914 




1028.8 


710.5 


21.751 


Scd 


5 




V. distorted 


2.940 


232 


1458.2 


712.4 


19.366 


SBa 


3 






2.959 


64 


197.8 


764.3 


22.548 


Sdm/Irr 


6 






2.962 




1042.8 


760.4 


21.091 


Sc 


5 






2.963 




1141.4 


756.0 


21.623 


Scd 


5 




diffuse 


2.964 


30 


403.0 


757.7 


20.972 


so/a 


2 




close compn 


2.990 




1058.9 


791.1 


22.204 


Sbc 


3 


I 




2.1009 




1165.0 


802.0 


21.418 


Sb 


3 


I 




2.1010 




1140.7 


808.3 


19.090 


SBab 


3 


I 


i/a with 2.1009 


2.1023 




1504.1 


832.2 


21.575 


Scd 


5 




diffuse 


2.1041 




1028.8 


877.3 


21.875 


Sbc 


5 




diffuse 


2.1043 


227 


1219.9 


880.6 


19.185 


Sab 


3 






2.1046 


229 


1393.0 


874.8 


20.774 


Sab 


3 






2.1073 




927.7 


929.1 


22.691 


Sab 


3 






2.1074 




930.4 


950.5 


22.598 


E/SO 


1 






2.1075 


89 


820.6 


937.6 


19.778 


E 









2.1089 


88 


768.3 


911.7 


19.067 


so/a 


2 


M 


merger of 2 SO/a's 


2.1090 




762.6 


942.9 


19.854 


so/a 


2 


I 




2.1097 




896.3 


992.1 


21.733 


so 


2 






2.1100 


228 


1313.6 


998.5 


19.948 


Sab 


5 






2.1110 




980.8 


1023.2 


20.455 


Sa 


3 






2.1117 




1075.6 


1060.3 


21.217 


Sbc 


3 






2.1122 




1046.9 


1057.0 


22.271 


E/SO 


1 






2.1123 




784.1 


1045.4 


22.121 


Sdm/Irr 


6 






2.1124 




786.0 


1067.5 


21.901 


comp 


-1 
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TABLE 4 Continued 



HST CN XHST YHST R702 Hubble Type MDS Int/Merg/Sat Comments 



2.1137 




1447, 


.4 


1080 


.7 


22 


.456 


2.1138 




1471, 


.7 


1096, 


.4 


20, 


.326 


2.1144 




1337, 


.2 


1119, 


.5 


22, 


.228 


2.1155 


84 


838, 


,0 


1131 


.3 


19 


.230 


2.1162 




1363, 


.1 


1252, 


.2 


19, 


.992 


2.1011 


91 


737, 


.9 


809, 


.1 


20, 


.800 


2.1016 


90 


676, 


,1 


895 


.5 


21 


.136 


2.1017 




4:2b. 


,1 


A A£? 

906, 


.5 


1 

21, 


/I 

.438 


2.1022 


87 


744, 


.5 


A /I 

942, 





OA 

20, 


CO /I 

.524 


2.102<3 




C A 

589, 


,0 


AOO 

982 


n 

.0 


22 


ATA 

.070 


2.1033 




578, 


,5 


1022, 


.6 


21, 


.318 


2.1035 




639, 


.9 


1043, 


.1 


21, 


.822 


2.1047 


74 


620, 


,1 


1105, 


.1 


21, 


.512 


2.2001 




875, 


,1 


1408, 


.1 


21, 


.888 


2.2005 




1368, 


.1 


1235, 


.2 


22, 


.946 


Z.zi (J (Jo 




1426 


.7 


1376 


.5 


22 


OA /I 

.394 


£-\ OA AO 

2.2008 


231 


1474, 


.2 


736, 


.0 


22, 


.152 


2.2010 




1259, 


.1 


86, 


.3 


21, 


.418 


2.2014 


112 


801, 


,5 


459 


.7 


21 


.503 


2.2015 




829, 


.9 


762, 


.9 


22, 


.497 


2.2016 




721, 


.2 


618, 


.3 


22, 


.876 


AO A 

2.2020 




409, 


.2 


377, 


.6 


21, 


.734 


3.103 




1174, 


.4 


1388, 


.4 


21, 


.877 


3.113 




818, 


,3 


1335 


.2 


20 


.817 


3.116 




1020, 


.2 


1154, 


.7 


21, 


.694 


3.118 




1266, 


.5 


1426, 


.0 


22, 


.924 


3.127 




1462 


.5 


1436 


.6 


22 


.652 


3.147 




905, 


.7 


1471, 


.9 


22, 


.298 


3.165 




1111, 


.9 


1501, 


.9 


22, 


.447 


3.181 




1111, 


.4 


1527, 


.7 


21 


.555 


1 T 

3.217 




IOC 

185, 





1 A 

10, 


.1 


21, 


AO C 

.935 


3.242 




634. 


.7 


26, 


.7 


21, 


.867 


3.254 




1114, 


.7 


32, 


,9 


21 


.759 


3.265 




146, 


,1 


64, 


.0 


20, 


.276 


3.283 




800. 


.4 


86, 


.9 


01 

21, 


.749 


3.288 


188 


1446 


.9 


84, 


,3 


20 


.225 


3.301 




456, 


,5 


109, 


.5 


22, 


.754 


3.314 




194. 


.8 


122, 


.0 


22, 


.014 


3.316 




438, 


,4 


135, 


.0 


22 


.464 


3.319 




307, 


,2 


140, 


.8 


22, 


.557 


3.320 




390. 


.6 


137, 


.6 


22, 


.293 


3.323 




1003, 


.1 


123, 


.5 


20, 


.733 


3.337 




1187, 


.3 


149, 


.8 


21, 


.049 


3.344 




1257, 


.8 


142, 


.5 


19, 


.267 


3.348 


504 


88, 


,4 


149, 


.6 


18, 


.935 


3.365 




1117, 


.9 


189, 


.3 


21, 


.117 


3.368 




650. 


.4 


197, 


.7 


22, 


.208 



Sab 3 

Sc 5 

E/SO 1 t debris 

E 

E/SO 1 M 

E 

so/a 2 

Scd 5 

Sb 3 I 

Sa 3 

E 

E/SO 1 

Scd 5 

Irr 6 i 

Sab 3 I 

Scd 5 I 

Scd 5 

pec 7 diffr spike 

E I 

E/SO 1 

E/SO 1 

comp -1 

Sbc 3 

Sb 3 

Irr 6 M 

Irr 6 i 

S 4 I 

comp -1 

Sb 3 t 

Irr 6 

Scd 5 

Sdm/Irr 6 I 

S 4 

SO 2 

Sa 3 

Sa 3 

Sab 3 V. diffuse 

Irr 6 M 

E/SO 1 i 

Sab 3 

E 

Scd 5 

SO 2 

SO/a 2 

E 

E/SO 1 

comp -1 
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TABLE 4 Continued 



HST 


CN 


y^HST 


Yhst 


^^702 


Hubble Type 


MDS 


Int/Merg/Sat 


Comments 








9(19 4 


91 1 9*^ 




n 










1141.6 


211.6 


99 S9fi 


Smi TTl / 1 W 


R 










1 1 89 n 


91 fi 


91 907 


F, 


n 












9(1'^ 4 


18 817 


llJ 


n 






40'i 




± ± ± 1 .\J 


225.3 


22.684 




X 






41 S 




fin fi 


21 5 8 

Zi X(J.O 


18.822 


E 


n 

(J 






3.414 




7fiQ 4 


1 87 Q 

X o 1 . y 


99 989 


Irr 


R 


m 




3.422 




254.3 


240.4 


22.346 


Sab 


3 


in 




3.424 




7Q8 7 


247.4 


22 9fi0 


kJd 








3.442 




1 1 7^ 8 


264.4 


91 950 


so /a 


2 










1 309 fi 


906 9 


99 fifi7 


OT, 


7 






3 4^13 




1 2Q3 Q 


244.5 


21.186 


VJIXJ 


7 

1 












9fi8 7 


90 94fi 

ZU . .^4:U 


Srrl 


o 


IXL 


H 1 cl"!! T* V^fiH 
Lllot LLl Ut?U. 


47Q 






305 9 


22.617 


kJd 












7*^ 9 


■^1 9 fi 


91 AQ<^ 


Sr 


c; 






4Q9 




1007 ^ 


"^91 Q 

OZj X . C* 


21.510 


F,/sn 

Xj / 


\ 






3.494 


206 


752.9 


298.2 


19.270 


Sab 


3 










89 Q 


■^41 Q 


99 Q'^7 




Q 
o 




H 1TT1 1 C3£3 






748 fi 


348 fi 


22.594 


Sa 


3 










211.6 


337 7 


20.426 


Sab 


3 






3.520 




438.0 


358.7 


22.747 


Scd 


5 




H 1 T\^ 1 cip 

u.111 LIiJC 






1012.5 


377 1 


91 930 


SlnTVi ilYV 

kJLlili/ ±11 


\j 










1 948 4 


OO i . X 


99 7RQ 

ZZ. 1 Oc' 


Sh 


Q 
o 












■^71 
O ( X .u 


1Q ■=19'^ 
xy.tjZiO 




p; 
tj 










1 4QQ fi 


'^QQ 1 


91 '^fi'^ 
Z X .ouo 


Xj / OVJ 


1 

X 










fi78 fi 


40^^ Q 


99 01 fi 
ZZ. wxu 


Irr 


fi 


IXL 




3.565 




768.2 


409.8 


21.434 


E/SO 


1 






3 iifiQ 




884 


415.4 


99 98fi 

ZZ . you 




3 












4'?8 fi 


99 Q14 
ZZ. yx'x 


L/tJlllJJ 


_1 

~x 


T 

X 






1Q0 


1272.4 


430 7 


20 385 


E 


2 






3 'iS'i 




1 097 3 


439 


99 858 

ZZ . O ?JO 


E 


n 






3 '^R7 

O . (JO f 




243.4 


43fi 


99 339 
ZZ . ooy 




tJ 






3 5SS 




7Q2 Q 


435 5 


21 873 

ZX .O 1 KJ 


Sa 

kJd 


3 






3 i^Qn 




935 9 


421.5 


22.851 




fi 
u 






3 iiQl 




940 4 


441.1 


99 953 


F/SO 

Xj / kJU 








O.OiJO 






4iiQ 9 


99 ^'^R 




o 








^^ 


9fi0 


3fi3 5 


19.624 


Sh 


3 






3 fil fi 




639 9 


473 1 


99 989 

ZZ . yoy 




4 






t>.U J-O 




425 fi 


481 8 

rtOX .O 


21 767 

Z X . 1 U 1 




3 

KJ 




Oioy ill 


O.DZo 




DDo.O 


4o0.1 


01 /I Q1 
zi .4ol 


oC 









3.667 


191 


1232.0 


530.3 


19.743 


Sa 


3 






3.673 




1462.5 


539.8 


22.495 


E/SO 


1 






3.674 




1442.1 


545.4 


22.433 


E/SO 


1 






3.676 




1340.9 


537.8 


22.876 


Irr 


6 




diffuse 


3.682 




1011.9 


554.5 


22.913 


SBa 


3 






3.689 




593.7 


512.7 


19.803 


SO 


2 


I 




3.690 


537 


592.7 


552.5 


19.799 


Sab 


3 


I 


i/a with 3.689 


3.711 




1008.2 


591.6 


22.975 


Sab 


3 
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TABLE A— Continued 



xlo ± 






JHST 


^702 


xiuDDie lype 


iViJJo 


mt / ivierg/ oat 


Oomments 


3.713 




1311.3 


577.6 


20.255 


so 


2 






3.714 




427.6 


581.7 


20.194 


E 









3.719 


509 


128.9 


551.6 


19.793 


Sab 


3 






3.720 


301 


725.0 


578.7 


19.532 


E 









3.726 




834.9 


593.0 


21.712 


so/a 


2 






3.735 




443.3 


615.5 


22.626 


E/SO 


1 






3.736 




769.5 


615.5 


22.306 


Sab 


3 




disturbed 


3.741 




504.4 


611.5 


20.436 


so/a 


2 






3.760 


53 


1458.2 


653.0 


21.154 


E 









3.777 




638.4 


671.3 


20.436 


E/SO 


1 






3.778 




13.0 


667.6 


21.046 


Scd 


5 






3.779 




1287.1 


686.8 


22.777 


Scd 


5 






3.783 




994.7 


674.8 


22.143 


Irr 


6 






3.787 




315.2 


688.4 


20.403 


SO 


2 






3.803 




272.0 


715.4 


22.996 


Sab 


3 






3.807 




1461.5 


718.2 


22.915 


Sdm 


5 




diffuse 


3.822 




575.2 


731.5 


22.788 


Sb 


3 






3.824 




1381.0 


734.3 


21.669 


Sab 


3 






3.841 




702.2 


740.3 


20.236 


SO 


2 






3.842 




190.8 


746.6 


21.588 


SBc 


5 






3.848 




142.7 


751.0 


21.593 


Sdm/Irr 


6 






3.850 




1419.1 


754.2 


22.612 


Irr 


6 






3.864 




1245.4 


771.0 


21.713 


Sdm/Irr 


6 


m 




3.867 




1208.2 


773.7 


22.400 


SO/a 


2 






3.881 




834.8 


794.2 


21.680 


so/a 


2 






3.882 




813.1 


795.8 


21.803 


Irr 


6 




diffuse 


3.896 




1410.4 


823.4 


21.597 


E/SO 


1 






3.905 


213 


1198.9 


835.5 


20.158 


Sbc 


3 






3.911 




1084.8 


863.4 


22.106 


E/SO 


1 






3.915 




990.8 


875.6 


22.886 


E/SO 


1 






3.921 




1157.8 


884.3 


21.044 


SO 


2 






3.929 




864.3 


899.0 


21.784 


Sb 


3 




asym 


3.955 




885.9 


949.1 


21.844 


Sa 


3 






3.967 




1172.3 


990.0 


22.912 


Scd 


5 






3.969 




1250.7 


994.3 


22.862 


Scd 


5 






3.973 




767.6 


996.1 


21.248 


E/SO 


1 






3.981 




1318.9 


1041.8 


21.390 


comp 


-1 






3.990 




1447.0 


1063.1 


22.896 


S 


4 




diffuse 


3.992 




1374.8 


1060.0 


22.002 


Sab 


3 


I 




3.993 




1360.3 


1068.1 


22.264 


Sb 


3 


I 


i/a with 3.992 


3.995 




1022.5 


1084.2 


20.582 


SO 


2 






3.997 




1236.0 


1088.2 


22.733 


Sdm/Irr 


6 




close compn 


3.999 


323 


1086.8 


1063.8 


18.327 


Sbc 


5 






3.1045 




1219.1 


1214.6 


21.097 


E/SO 


1 






3.1046 




1216.1 


1236.8 


20.422 


SO 


2 






3.1084 




969.0 


1313.6 


21.977 


Sab 


3 






3.1025 




487.6 


894.0 


20.172 


SO 


2 






3.1026 




450.5 


909.7 


22.590 


comp 


-1 
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TABLE 4 Continued 



HST CN XHST YHST -R702 Hubble Type MDS Int/Merg/Sat Comments 



3.1034 • 


633.2 


951.5 


22.258 


Sb: 


3 


i 


V. faint 


3.1038 • 


663.3 


987.8 


22.418 


Irr 


6 






3.1039 • 


739.7 


985.6 


21.006 


so/a 


2 






3.1040 • 


696.5 


1013.7 


22.959 


E/SO: 


1 




V. faint 


3.2002 • 


53.0 


190.5 


22.325 


Sbc 


3 






3.2004 • 


136.8 


377.2 


21.831 


Sc 


5 




disturbed 


3.2006 • 


547.7 


181.6 


22.859 


E/SO 


1 






3.2014 • 


• 1031.8 


1156.6 


22.902 


Sab 


3 


I 




3.2015 • 


761.9 


1426.6 


22.939 


pec 


7 




diffuse,v. faint 



4.141 




969.5 


1228.1 


22.815 


E/SO 


1 






4.150 




1374.4 


1251.8 


21.439 


SO 


2 






4.156 


667 


1003.6 


1270.5 


19.384 


Sb 


3 






4.157 




756.9 


1259.0 


21.942 


SO 


2 






4.161 




1335.1 


1334.2 


22.216 


Sab 


3 


T 


tail 


4.166 




832.1 


1243.2 


22.994 


E/SO 


1 


I 




4.187 




910.6 


1437.4 


22.759 


Sc 


5 




diffuse 


4.188 




835.0 


1349.0 


21.965 


so/a 


2 


t 


debris + close compn 


4.203 




1054.3 


1350.2 


20.806 


Sbc 


3 






4.231 




1424.0 


1439.1 


21.782 


Sab 


3 




asym 


4.243 




1313.9 


1446.7 


21.309 


E 





t 


debris 


4.249 




1315.4 


1500.3 


21.628 


E 









4.264 




1250.0 


1490.4 


21.702 


Sab 


3 






4.269 




1193.6 


1522.3 


22.920 


E 





t 


debris 


4.274 




1439.8 


1493.1 


20.298 


E 





T 


shell 


4.278 




780.3 


1525.9 


21.410 


E/SO 


1 






4.297 




1054.1 


42.8 


20.328 


Scd 


5 






4.307 




768.9 


58.6 


20.593 


comp 


-1 






4.325 




1012.0 


75.1 


22.159 


Scd 


5 






4.327 




736.2 


79.9 


21.623 


Sbc 


3 


Sat 


asym 


4.346 




328.4 


86.0 


20.850 


Sbc 


3 






4.352 




477.4 


53.7 


18.809 


SO 


2 


I 




4.366 


849 


489.4 


85.7 


20.224 


Sab 


3 


I 


i/a with 4.366 


4.369 




1063.7 


123.6 


21.498 


Scd 


5 




poss lensed 


4.389 




370.8 


128.9 


20.552 


Scd 


5 




asym 


4.390 




158.0 


139.6 


21.544 


Scd 


5 




asym 


4.399 




80.0 


155.3 


21.935 


E/SO 


1 






4.410 




521.0 


167.1 


22.285 


Sdm/lrr 


6 






4.414 




1006.7 


167.6 


22.607 


Sc: 


5 




or nucl dwarf 


4.447 




480.0 


203.9 


20.885 


E 







close compn 


4.448 




478.5 


215.4 


22.206 


SO 


2 






4.465 




1083.2 


231.6 


22.452 


Sdm/Irr 


6 






4.482 




1189.6 


212.7 


19.881 


Sbc 


3 


I 




4.483 




1181.1 


231.1 


19.856 


Sbc 


3 


I 


i/a with 4.482 


4.529 




1448.1 


297.7 


22.937 


Irr (pec) 


6 


m 




4.551 




656.2 


314.7 


21.727 


Sbc 


3 




asym 


4.575 




331.8 


355.7 


22.969 


Sbc 


3 






4.576 




161.4 


354.1 


21.198 


pec 


8 


M 
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TABLE A— Continued 



HST 


CN 




Yhst 


^702 


Hubble Type 


MDS 


Int/Merg/Sat 


Comments 






?76 


367 4 


22.047 


kJdU 


o 














22 4Q4 




9 

z 






'±.tJt7t7 




414.2 




21 58Q 


SHm /Trr 

kJLllil / -Li 1 


u 




dO J' lii 






977 6 


391 6 


22 928 




_1 






4.606 




1320.9 


379.5 


22 255 

Zj Zi • Zi (_/ (_/ 


Scd 


5 






4.611 




496.2 


396.1 


22 Q3Q 

ZjZj • tJ\J\J 


so/a 


2 






4 690 




8Q9 7 


403 1 


21 369 


Srd 








4.626 




659.2 


411.5 


21.179 


Sa 


3 






4 627 




6 


415.1 


22.942 


F,/SO 


\ 






4 6'^Q 




1245.2 


411.1 


1 Q 983 


Sa 


■? 




LiiiiLlOC LlliDiV 


4.648 




1 "^88 Q 


430 1 


19.412 


SRrd 






do J* lii 


4 6'in 




1 0S 2 


437 2 


20 762 

ZL/> 1 \JLi 


SO /a 


2 




kJ 




4 6^8 




400 


451 


22 299 

ZZ . Z C/ 


TM / 1 VT 
OU-iii/ Ail 


R 
u 






4 67'? 




811.4 


471.2 


22 986 

ZZ . c^OU 


XHtti /Ttt" 

kJUlii / J-i i 


R 
u 




H 1 ■rrl 1 QA 
Liiii LliDC 


4 677 




1 67 Q 


472 5 


22 833 

ZZ .ooo 










4 68^ 






488 q 


22.511 


coinp 


_1 






4 6Q9 




1472 7 


489 2 


22.016 


Sfd 


(J 










1 '^l 7 

-LO-LU. 1 




22 "^(12 




(J 






4:. J 




41 Q 


524.2 


22.394 




u 






4 7*^8 


254 


47Q 


51 Q 6 


20 086 


SO /a 


2 






4 7'in 




1 "SI 8 


542 8 


22 052 

ZZ .VJtJZ 


SRfd 






do^ lii 


4 760 




1 1 01 6 


549 


22.972 


SO /a 


2 






4 77fi 




84Q 1 


576 7 


22.426 


Sah 






dboy 111 


4 77Q 

rt. lie' 


14. 


IQfi Q 

-Lc/U. e? 




1Q 141 


sn 


9 

z 


Sat 




4 7?^Q 


4 




^7^ 


1 8 825 




n 






4.794 


253 


558.5 


594.0 


21.608 


Sab 


3 


I 




4.796 




1078.8 


604.7 


22.544 


Sdm /Trr 

kJl_liii/ J-i i 


g 


M 




4 S9n 




2S2 1 


fi24 S 


21 7Qfi 


Od 


o 




3.syiii 


4 X^4 




1 fi4 1 


U JU.O 


21 Q4fi 














1 1 Q4 


U JU. J. 


2n 'iQ'^ 


Sr 




T 

± 




4 8'iQ 




221.5 


665 3 


21 347 


Sab 


3 




do J' 111 


4.862 




518.8 


658.2 


22.133 


kj'j.iii / J-i i 


5 






4 870 




Q78 Q 


66Q 


22 625 




\ 






4 871 




QQ4 6 


674 5 

U ( 4:. 


22.321 




\ 




l-zlCoC IjtJlllJJll 


4 RR^ 




1 "^0 7 




91 fi'^fi 

^ J. .uou 


OU / d 


9 








1 "^4 


4fi Q 


749 ^ 


1Q 114 


Irr 


P. 

u 


iVl 




4.901 




1070.3 


701.8 


11 383 


Irr 


5 


j 




4.902 




199.6 


717.7 


21.933 


E 













402 n 




99 IfiO 
ZZ . ±uu 


comp 


_i 






/I 01 Pi 




onQ A 
zUo.4 


7/1 n o 
< 4u.y 




oU/ a 




z 






4.917 




372.4 


738.1 


21.675 


Sbc 


3 


i 




4.933 




641.5 


763.8 


22.703 


Scd 


5 






4.938 


247 


743.1 


754.1 


19.122 


E 





I,Sat 




4.944 


3 


299.9 


738.5 


18.023 


E 









4.973 




1329.2 


810.6 


21.529 


so/a 


2 






4.975 




1415.5 


810.1 


20.305 


so/a 


2 






4.977 




1258.2 


808.0 


21.405 


SO 


2 






4.993 




945.4 


850.9 


22.947 


Sa 


3 
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TABLE 4— Continued 



HST 


CN 




JHST 


R702 


Hubble Type 


MDS 


Int/Merg/Sat 


Comments 


4.1012 




1165.7 


882.6 


22.182 


Scd 


5 


I 




4.1029 




1317.1 


923.7 


22.073 


pec 


7 


i 


diffuse 


4.1030 




1061.8 


922.1 


21.295 


E/SO 


1 






4.1047 




1091.1 


985.1 


22.321 


so/a 


2 






4.1054 


242 


846.2 


969.7 


19.314 


E 









4.1063 




1098.1 


1011.8 


22.663 


Sab 


3 






4.1077 




1069.6 


1038.8 


21.120 


E 









4.1091 




1300.2 


1069.8 


21.724 


Scd 


5 




diffuse disk 


4.1095 




1179.4 


1077.1 


20.355 


E/SO 


1 






4.1096 




908.8 


1092.9 


22.733 


Irr 


6 




close compn 


4.1098 




999.0 


1081.9 


19.237 


SBa 


3 






4.1103 


243 


867.6 


1075.2 


19.771 


kJLlill/ ±1 J. 


6 


I 




4.1104 




853.5 


1101.0 


18.992 


SO 


2 


I 


i/a with 4.1103 


4.1112 




1319.9 


1145.7 


22.310 


conip 


-1 






4.1116 


241 


763.7 


1145.8 


19.596 


SO 


2 


Sat 




4.1119 




832.5 


1165.9 


21.526 


E 









4.1123 




1100.2 


1179.9 


22.813 


so/a 


2 






4.1125 




1380.3 


1183.1 


22.895 


E/SO 


1 






4.1134 




919.7 


1194.2 


20.565 


Scd 


5 


m 


v.asym 


4.1019 




701.0 


797.9 


22.934 


pec 


7 




diffuse 


4.1025 




737.2 


840.1 


22.289 


Sa 


3 






4.1036 




489.9 


913.8 


21.058 


Scd 


5 






4.1039 




706.4 


960.5 


21.624 


Sdm/Irr 


6 




disturbed 


4.1043 




720.7 


1034.7 


22.120 


Sa 


2 




asym 


4.1053 




698.4 


1105.5 


20.980 


Sa 


2 






4.2001 




345.1 


732.6 


21.496 


SO/a 


2 






4.2008 




733.2 


759.5 


20.936 


Scd 


5 


I 


i/a with 4.938 


4.2009 




761.7 


1160.5 


21.674 


E/SO 


1 






4.2012 




1207.6 


663.0 


22.739 


Scd 


5 


I 


i/a with 4.857 
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